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Ecological niche modeling (ENM) has been extensively applied as a reliable tool in conservation 
biology.  Still, challenges abound in generating optimal models, especially when using limited occurrence 
data.  The bluehead shiner, Pteronotropis hubbsi, a threatened species of concern, was modeled 
throughout its range within the U.S. South Central Plains Ecoregion.  The portions of states that overlap 
this region include Texas, Oklahoma, Arkansas, and Louisiana.  I used the Maxent software package 
(Phillips et al., 2006), as the ENM algorithm for this project.  A maximum of 14 geospatial environmental 
layers (climatic, hydrologic, and geologic) were chosen to determine the species’ association with its 
environment.  Numerous sources suggest Maxent’s default settings do not generate optimal model 
performance.  Because of this, I compared models by first examining the effects of spatial filtering.  Then, 
I tuned Maxent’s features (linear and hinge) and regularization multipliers across seven extents.  All 
unfiltered datasets exhibited heavy overfitting and did not produce a model with an acceptable omission 
rate.  For the tuning experiments using filtered datasets, all default settings experienced model overfitting, 
which constrains the algorithm’s predictive performance.  Generally, models with regularization 
multipliers greater than three lose their discriminative ability where maps predict unrealistic habitat 
suitability within a majority of the study’s extent.  The majority of optimal models with limited sample 
sizes required the following applications: spatial filtering of occurrence data, use of linear features, and a 
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Regularization multiplier greater than the default.  A jackknife test of variable importance determined that 
each extent relied on a unique combination of variables to predict habitat suitability, but Geology, 
Strahler Stream Order, River Basin, and Soils were the most consistent top four predictors throughout the 
various extents.  This project demonstrates that tuning the Maxent algorithm, spatial filtering, and data 
reduction are required to generate optimal models.  This information can be used in the effort to evaluate 
the conservation status of a rare, aquatic species by efficiently planning surveys to discover unknown 
populations.   
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Chapter One 
Introduction 
In an effort to sustain North American ecosystems, extensive interdisciplinary research is being 
applied to assess and monitor biodiversity.  Because environmental biology has fewer financial resources 
relative to other scientific disciplines (NSF, 2014) it is of utmost importance to invest in applications that 
minimize time and resources when assessing and monitoring species of concern.  Targeted biological 
surveys require sufficient knowledge of the species’ fundamental niche, which consists of all 
environmental conditions required for its survival (Hutchinson, 1957).  Within the past two decades, 
interdisciplinary research has made it possible to easily access environmental data (Peterson, 2011) and 
species presence records (Graham et al., 2004).  The environmental information can be expressed in 
geographic space through Geographic Information Systems (GIS), while machine-learning algorithms can 
analyze the presence-only occurrence records and environmental parameters for associations between 
them.  In combining these applications, ecological niche models (ENMs) can aid in conservation efforts 
and promote research efficiency.  Indeed, a significant amount of research has been applied to 
demonstrate ENM reliability in the past decade.  However, as with any emerging technological 
application, misconceptions abound in what is an acceptable methodology in creating optimal ENMs 
(Anderson, 2012; Yackulic et al., 2013).  Recent research has underscored a few major challenges that 
must be overcome in ENM studies (Shcheglovitova and Anderson, 2013; Radosavljevic and Anderson, 
2014), specifically, studies involving the Maxent modeling algorithm (Phillips et al., 2006). 
Model complexity is an important aspect of the challenges with Maxent that need to be resolved.  
Model complexity refers to the interaction of multiple parameters in a Maxent model to form the 
predictive algorithm (Phillips and Dudík, 2008).  When the model conforms closely to its calibration data 
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and fails to predict independent data, the scenario is called “overfitting.”  In contrast, when the model is 
less restrained to the calibration data and broadly predicts throughout the study area, “underfitting” has 
occurred.  The best level of model complexity avoids both model overfitting and underfitting, although 
overfitting tends to be more common than the underfitting (Warren and Seifert, 2011).  Model complexity 
is influenced by the number of points used to build the model, versus those that are held back for model 
evaluation purposes (which acts as a type of data resampling-based on-the-fly ground-truthing process.)  
Many projects create occurrence datasets that separate calibration (model-building) and evaluation 
(model-evaluating) points based on an arbitrary percentage.  But the exclusion of data points for 
evaluation purposes may leave out pertinent information that better identifies the breadth of suitable 
habitat.  This can lead to an overfit model that conforms to closely to the inadvertently homogenous data 
points left for model calibration.  Random selection of calibration and evaluation points is common for 
large, independent datasets, where holding back data points for evaluation purposes may be less 
problematic.  However, the risk of overfitting is amplified for rare species, where the number of 
occurrence points is limited.  This makes them more sensitive to the exclusion of data points from the 
model calibrating process (Anderson and Gonzalez, 2011; Anderson, 2012).   
Another source of model overfitting is the lack of algorithm tuning (Warren and Siefert, 2011; 
Shcheglovitova and Anderson, 2013).  Maxent is equipped with settings that allow the user to tune or 
“smooth” environmental variable inputs in order to optimize model output (Phillips, 2006).  These 
settings include, but are not limited to the “L1-regularization” parameter and feature types.  This “L1-
regularization” parameter is a type of penalty for model complexity.  Specifically, when the regularization 
parameter is increased, Maxent focuses its predictive power on the variables that contribute more to 
habitat suitability, while the least contributing parameters are penalized.  The penalized parameters are 
effectively omitted from the model output.  This method follows the principle of parsimony; fewer 
parameters lead to a simpler explanation.  Unfortunately, many studies using Maxent assume that the 
current default settings suffice (Yackulic et al., 2013).  Maxent’s default settings were based on species 
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with large sample sizes where a split sample approach could be used for calibration and evaluation when 
replicating runs (Phillips and Dudík, 2008).  In addition, these experimental datasets were not spatially 
filtered to reduce spatial autocorrelation, which confounds optimal model complexity (Veloz, 2009).   
Using independent datasets are a major obstacle.  Two pools of data are used to build a model: a 
calibration dataset and an evaluation dataset.  Ideally, we need these datasets to be spatially independent 
from each other, where the evaluation dataset should not consist of occurrences included in the calibration 
dataset (Peterson, 2011).  These datasets can be obtained from independent surveys or online museum 
databases, however sampling bias is inherent by such records (Newbold, 2010).    The majority of 
biological freshwater sampling occurs near public access points such as roads and bridges that intersect 
streams.  Sampling intensity rarely extends into areas where private properties must be traversed to reach 
a potentially suitable site.  The accumulated occurrence records may be spatially clustered, which can 
ultimately lead to spatial autocorrelation.  Such biased data, when generating ENMs, result in model 
overfitting when the calibration data are in close proximity to the evaluation data (Dormann et al., 2007).  
Occurrence records are not the only model parameters that can be subjected to spatial autocorrelation.  
Similar to spatial bias, environmental layers may also correlate with each other, adding to model 
complexity and thereby contributing to overfitting (Anderson, 2012).   
Accounting for the challenge of using independent datasets, researchers studying rare or 
understudied species have few options to minimize the effects of non-independent data.  It may be 
impossible to follow recommendations to eliminate geographic bias in a dataset that has sparse 
occurrences.  Consequently, using small sample sizes lead to decreased model accuracy and increased 
variability (Hernandez et al., 2006; Wisz, 2008).  Environmental parameter estimates may be heavily 
influenced by outlier occurrences, resulting in skewed predicted habitat suitability.  Additionally, 
inferential statistical analyses (e.g. examining model predictions for statistical significance) are out of the 
picture as this requires sufficient occurrence records (Peterson, 2011).  To acknowledge this issue, several 
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researchers have developed niche modeling approaches (Pearson et al. 2007; Anderson and Gonzalez, 
2011; Shcheglovitova and Anderson, 2013). 
Utilizing these methods, I focused on modeling the distribution of a rare and understudied 
cyprinid species of special concern: the bluehead shiner (Pteronotropis hubbsi).  P. hubbsi is endemic to 
the South Central United States (TPWD, 2001; Scharpf, 2005; IUCN, 2010), where its range historically 
extended as far north as Southern Illinois (Bailey and Robison, 1978), but anthropogenic influences such 
as habitat alteration and loss of stream connectivity have fragmented the bluehead shiner populations 
(Ranvestal and Burr, 2002).  Population viability is a major concern as the bluehead shiner’s current 
distribution is clustered in four regions: Northeast Texas, Southeast Oklahoma, South Arkansas and 
Louisiana.  It is imperative to identify suitable habitat and discover unknown bluehead shiner populations 
in an effort to aid in the bluehead shiner’s status assessment.   
Since ENMs covering different spatial extents may capture different environmental factors associated 
with a species’ distribution at those scales (Chave, 2013).  I also varied the spatial extent of my models 
leading to the following main research questions:  
1. What are the areas of highest habitat suitability for the bluehead shiner at different spatial 
extents? 
2. Which levels of which environmental variables are most strongly associated with the suitability 
of habitat for bluehead shiners, and how does this vary with spatial extent? 
3. How does varying the Maxent settings (tuning parameters, hinge features, etc.) influence model 
performance? 
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Chapter Two 
Materials and Methods 
Study Area 
I modeled the bluehead shiner at seven different extents (Figure 2.1).  The study area overlaps 
four states (Texas, Arkansas, Oklahoma, and Louisiana) where species occurrence clusters have been 
documented.   Historically, the bluehead shiner distribution extended as far north as South Illinois into 
Wolf Lake.  Upon reviewing occurrence data after 1980, I did not add watersheds extending to Illinois.  It 
is assumed that this population is extirpated, and its known habitat has been severely altered (Ranvestal 
and Burr, 2002).  The study area’s full extent used the United States Geologic Survey HUC-6 hydrologic 
layer, ensuring no connected streams from a river basin are excluded.  Twelve HUC-6 regions that 
overlap the four states were selected for this model.   
Because mapping aquatic species in Maxent has not been extensively documented, I tested the 
effectiveness of Maxent features and regularizations at various spatial extents, ranging from the full 
extent, two halves of the full extent (TX/OK, AR/LA), and four quarters of the full extent (TX, OK, 
AR/N.LA, and LA) (Figure 2.1).  The four smallest extents were based on four occurrence clusters, and 
their designated extents were based on where the occurrences landed on Hydrologic Unit Codes (e.g. 
within a HUC-6).  The bluehead shiner’s range had similar habitat along the riparian corridors, but certain 
occurrences were located in habitats that were not commonly occupied in the vast majority of records 
(e.g. Louisiana’s Lower Red River segment.)  Anderson and Raza (2010) suggested that ENMs with 
smaller extents lead to more realistic predictions and greater estimates of niche conservatism.   This 
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reduces the study area where Maxent randomly chooses background points, effectively reducing the 
probability for false negatives.  Therefore, this is the approach that I used.     
 
 
A.) Full Extent 
   
B.) Half extents 
  
C.) Quarter extents  
Figure 2.1: River Basin Diagram of the seven extents. These were created to test the effects of spatial 
filtering and fine-tuning Maxent parameters.  These extents were clipped according to the HUC-6 Basins 
that surrounded the bluehead shiner occurrence clusters collected from online databases. 
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Occurrence Data 
Occurrence records for the bluehead shiner have been documented and stored in numerous private 
and public entities throughout the South Central U.S.  Recent technological advancements in museum-
based informatics and interagency collaboration have eased the tedious task of accessing historical 
occurrence records (Graham et al., 2004).  Organizations such as the Global Biodiversity Information 
Facility (GBIF), Fishnet2, and Fishes of Texas have a vast collection of freshwater fish records that are 
uploaded online for public access.  Not all occurrence records from the online databases were used for 
various reasons.  Although online databases have provided greater access to species biodiversity records, 
natural history museums have their own limitations (Newbold, 2010; Anderson, 2012).  In an attempt to 
compile a high quality occurrence dataset for the entire study region, certain criteria were used: 
1. Museum occurrence data must be georeferenced 
2. The collection date must be within the range of 1980-present 
3. The data must fall within the species’ known distribution 
4. The data coordinates must be reasonably close to a tributary 
The earliest collection date is meant to represent occurrences after Caddo Lake’s construction in 1971.  
Queries of all online databases contained some shared occurrence records for the bluehead shiner, but 
each did have unique records.  Of the total online occurrence records subjected to the imposed criteria, 50 
occurrences had georeferenced coordinates.  Additionally, two occurrence records had recently been 
collected by surveyors from the University of Texas at Austin and the University of Texas at Tyler.  
These two records have yet to be entered in an online database.  Of the total online records, 47 records 
had collection dates within the allotted range of 1980-present.      
To be certain that the occurrence records lie within the species’ known distribution and lie within 
a reasonable distance to a tributary, each data point was plotted in ArcMap 10.2.2, using the National 
Hydrography Dataset’s (McKay et al., 2012) “NHDFlowline” buffered at 100 meters from the stream’s 
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centroid.  A vast majority of data points did not lie within the NHDFlowline and required slight 
modifications.  All occurrences were manually inspected against each environmental raster to ensure that 
a relevant value was associated with each data point.  Any occurrence record that does not fall within an 
environmental raster’s buffer zone will not offer Maxent any information regarding the species’ 
environmental requirements.  In the event that the occurrence point conflicted with its known habitat 
suitability (“impervious” or “developed” from the land cover raster) or had no relevant value (“open 
water” values from Soil and land cover rasters), then the coordinates were adjusted to the most relevant, 
adjacent pixel.  If any record did not meet any of the stated criteria, the occurrence was removed from the 
analysis to prevent additional uncertainty about the species’ habitat requirements.  Out of the 47 
remaining occurrence records examined from the online databases, only 36 records met all criteria 
(Appendix A).   
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Figure 2.2: Bluehead Shiner distribution by watershed.  Current distributions are based on the coordinates 
collected for this project and by NatureServe (2014).   
The bluehead shiner distribution has a clustered appearance in four regions throughout the 
species’ known range (Figure 2.2).  I named these clusters based on their proximity to a state; they are as 
follows: East Texas (TX), Southeast Oklahoma (OK), South Arkansas-North Louisiana (AR/N.LA) and 
Central Louisiana (LA).    Despite their distances from each other, three of the four occurrence clusters 
(TX, OK, and AR/N.LA) share a similar habitat type.  These regions are dominated by floodplains and 
wetlands.  The LA bluehead shiner occurrences, recorded on the Lower Red River, occupied somewhat 
different physical habitat.  In contrast to the other three regions’ physical environments, which have 
relatively minimal to moderate habitat alterations, the LA region’s Lower Red River is heavily altered 
along its banks for agricultural and commercial use.   
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A majority of bluehead shiner occurrences resided in the TX cluster, while the other clusters were 
somewhat sparse.   The AR/N.LA region had previously been the primary location for bluehead shiner 
distribution (Fletcher and Burr, 1992), but few georeferenced records have been produced after the early 
1980s.  These occurrences also exhibited spatial bias, which is typical of museum occurrence records 
(Loiselle et al., 2003).   
Spatial Filtering 
Ideally, the minimum recommended distance is 10 kilometers (NatureServe, 2014) for spatial 
filtering, but there are few opportunities for applying this distance to the bluehead shiner’s occurrence 
dataset.  Because there is no agreed minimum distance (Anderson and Raza, 2010), I set a minimum 
Euclidean distance of 5 km per pairwise occurrence.  The unfiltered occurrences that were uploaded to 
ArcMap were measured using the software’s measuring tools.  Any occurrences with pairwise distances 
with a Euclidean distance less than 5 kilometers between each other were manually removed.  Of the 47 
occurrence records examined from the online databases, only 36 records met all criteria. 
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Environmental Variables 
To adequately describe physical habitat and account for dispersal barriers that are of interest to 
bluehead shiner habitat requirements, I accounted for the following variables for ecological niche 
modeling (ENM) analysis: climatic, hydrologic, and land cover layers.  Nineteen climatic layers were 
accessed through WorldClim’s website (http://www.worldclim.org).  It uses a coarse resolution of 30 arc-
seconds.  Many ENM studies continue to incorporate WorldClim data because of its success in predicting 
suitable habitat of various endemic species (Anderson and Raza, 2010; Anderson and Gonzalez, 2011; 
Collins, 2014).  Because these layers are known to correlate with each other, a test for environmental bias 
was performed in anticipation that correlated layers may underestimate or overinflate a variable’s 
significance.   
In corroboration with the U.S. Environmental Protection Agency and USGS, Horizon Systems 
developed a GIS-applicable framework for the National Hydrography Dataset (NHD), known as 
NHDPlusV2 (McKay et al., 2012).  The NHD represents the attributes of rivers, creeks, and other 
waterbodies as geospatial vector data throughout the United States.  Using a spatial scale of 1:100k, 
NHDPlusV2 can describe hydrologic attributes at the river reach level.  Some NDH-derived attributes are 
a yearly average of 30 years’ worth of data ranging from 1971-2000.  The following environmental layers 
were analyzed by Maxent: Annual Flow, Annual Velocity, Cumulative Drainage Area, and Strahler 
Stream Order.  Annual flow and velocity are the main driving factors of aquatic species distribution 
(Leathwick et al., 2008).  Measured in cubic feet per second (cfs), flow is computed through 
NHDPlusV2’s Enhanced Unit Runoff Method (EROM).  Annual velocity, measured in feet per second 
(fps), is computed through the Jobson Method (1997), which uses values from the catchment’s 
cumulative drainage area, mean annual flow, slope, and runoff.  Several flow and velocity estimates are 
provided to the user upon downloading from each NHD region.  The NHDPlusV2 User Guide 
recommends the gage-adjusted estimates (flow: Q001E; velocity: V001E) because these estimates 
account for both natural and human-induced water withdrawals.    The cumulative drainage area describes 
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the cumulative upstream area of the downstream end in square kilometers.  It is highly correlated with 
annual flow, but it may offer some information on the region’s stream connectivity, an important factor in 
identifying an aquatic community’s biodiversity (Altermatt et al., 2013; Collins, 2014).  The Strahler 
Stream Order defines stream sizes through a hierarchal system of tributaries (Strahler, 1957).  Based on 
the River Continuum Concept, aquatic organisms specialize throughout the length of a stream because of 
changes in physical conditions from a stream’s headwaters to its terminal confluence (Vannote et al., 
1980).  Typically, headwaters and small tributaries are unique in that their banks are more shaded with 
plenty of woody debris, exhibit low flow and velocity, and are more dominated by detritivores.  Fish may 
be more specialized to consume invertebrates that feed on detritus.  As streams increase in Strahler order, 
the stream is more exposed to sunlight and tends to have greater flow. 
The following soil properties provide a link to aquatic organism distributions (Wilson et al., 2011; 
Collins, 2014).   The USGS Geology layer (USGS, 2005) uses a coarse scale of 1:500k to characterize 
dominant substrates throughout the conterminous U.S.  This potentially useful layer may be used to 
predict microhabitat riparian and benthic conditions that the bluehead shiner is known to find suitable.  
The Natural Resources Conservation Service/United States Department of Agriculture (NRCS/USDA) 
created a fine-resolution soils layer of the United States for multiple applications in agriculture and 
municipal use.  Gridded Soil Survey Geographic (gSSURGO) database (Soil Survey Staff, 2014) 
identifies soils from the very basic components to the finest details that make sites unique among others.  
In addition to the in-depth soil descriptions, gSSURGO describes the slope percentage.  The land cover 
layer was obtained from the USGS Gap Analysis Program (2011).  It details the conterminous U.S. land 
cover under ecological, agricultural, and urban categories between the years 1999-2001.  Land cover may 
affect predictive performance as human-modified terrain may act as an impediment within streams 
(Dormann et al., 2007).  The United States Geologic Survey (Steeves and Nebert, 1994) identifies 
Watershed Basins through hydrologic unit codes (HUCs).  Kuemmerlen et al. (2014) explains that 
watershed boundaries take into consideration the aquatic organism’s ecosystem.  Incorporating this 
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categorical variable may limit habitat suitability predictions to where the bluehead shiner is known to 
occur in ecologically similar watersheds.  Previous distribution maps also have delineated species 
occurrence using watershed boundaries (NatureServe, 2014).   
Over-parameterization and Data Reduction 
I used the ENMTools 1.4.3 (Warren et al., 2010) correlation matrix to measure the correlation 
between the continuous environmental layers.  First, the WorldClim layers, clipped at the study’s full 
extent, were evaluated for pairwise coefficients greater than 0.7.  Of the 19 climate layers, six remained: 
isothermality, maximum temperature of the wettest month, mean temperature of the wettest quarter, mean 
temperature of the driest quarter, precipitation of the wettest month, and precipitation of the driest quarter.  
Next, the six climate layers were added to the continuous hydrologic layers for a final correlation 
analysis.  None of the categorical layers participated in the correlation matrices.  No remaining layers 
required removal from the model.  Another correlation matrix was run for the smaller extents using the 
full extent’s continuous layers.  Some layers exceeded the coefficient threshold and were subsequently 
removed (Appendix B). 
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Layer Name Source Units Time Period 
Isothermality WorldClim N/A 1960-1990 
Maximum Temperature Warmest Month WorldClim ⁰C 1960-1990 
Mean Temperature Wettest Quarter WorldClim ⁰C 1960-1990 
Mean Temperature Driest Quarter WorldClim ⁰C 1960-1990 
Precipitation of Wettest Month WorldClim mm 1960-1990 
Precipitation of Driest Quarter WorldClim mm 1960-1990 
Average Annual Flow NHDPlusV2 ft
3
/s 1971-2000 
Average Annual Velocity NHDPlusV2 ft/s 1971-2000 
Cumulative Drainage Area NHDPlusV2 km
2 
1971-2000 
Stream Order NHDPlusV2 Categorical 1971-2000 
River Basin USGS Categorical 1994 
ESRI Land Cover USGS/GAP/ESRI Categorical 1999-2001 
Geology USGS Categorical 2005 
gSSURGO Soils USDA/NCSCS Categorical 2014 
 
 Table 2.1: Original environmental layers incorporated in the full extent ENM analysis.  The layers’ cells 
were resampled to a 90-meter by 90 meter grain size and projected in North American Datum 1983 
(NAD83).   
ArcGIS  
The following steps require Geographic Information System software.  I used ArcMap 10.2.2 to 
complete this process.  Using the NHDPlusV2 that is available for download from the Horizon Systems 
website (Table 2.1), the NHD attributes require some assembly before converting them to a raster format.  
Three regions overlap the bluehead shiner’s study region: Lower Mississippi 08, Arkansas-Red-White 11, 
and Texas 12.  For each region, a file called “KnownFlow” must be accessed to display a line vector in 
the ArcMap software.  Each region requires the user to join the specified hydrologic attribute to the 
NHDflowline shapefile.  After the specific attributes have been joined to their respective region, the user 
must merge the three regions together, then apply a 100-meter buffer to the merged “KnownFlow” 
shapefile.  This provides enough space for sample coordinates to fall within the stream segment and 
provides an association with geologic variables adjacent to open water.  The merged flow lines were 
clipped, using the study’s full extent HUC-6 base layer.  Finally, the buffered shapefile was converted to a 
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raster format.  Any rasters that did not require conversion from a shapefile were clipped to the study’s 
extent and re-projected to North American Datum 1983.  All environmental layers’ cells were resampled 
to a 90-meter by 90-meter grain size.  These rasters were converted to ASCII format, allowing Maxent to 
analyze the data.   
Maxent  
Maxent is a software implementation of a maximum likelihood entropy-based algorithm that 
predicts habitat suitability for a species by associating presence-only occurrences with environmental 
variable functions (Phillips et al., 2006).  The most recent version (3.3.3k) was used for this project.  The 
logistic output was taken to be an estimate of the relative probability of occurrence, as compared to other 
habitats.  Maxent analyzes the user’s environmental predictors (e.g. geospatial data layers such as climate, 
hydrology, and cover) by combining up to six statistical functions in order to relate a species’ occurrence 
to its environment.  These features, in the form of response curves, include: Linear, Quadratic, Product, 
Hinge, Threshold, and Discrete (Categorical).  For clarification, Maxent’s definition of feature class is not 
the same as a GIS feature class.  A GIS feature class describes geographic features such as roads or 
temperature values within its specified spatial reference.  To avoid any confusion, I will refer to Maxent’s 
feature classes as “features” or specify them accordingly as “linear”, “quadratic,” “hinge,” etc.  If only 
linear features are applied to a model analysis, a more simplified relationship between an occurrence and 
environmental predictor is expressed.  Adding more features increases the model’s complexity and can 
lead to overfitting (Phillips et al., 2006; Phillips and Dudík, 2008).  Maxent’s default feature setting is set 
to “automatic,” where features are added based on the number of species occurrences for the model.  For 
example, only Linear features are used when occurrence records are less than 10; Linear and Quadratic 
are used for 10-14 occurrences; Linear, Quadratic, and Hinge are used for 15-79 occurrences; all features 
are used for occurrences greater than 80 (Phillips and Dudík, 2008).  Categorical features must be 
identified by the user.  The user may also choose any feature setting combination to fit a project’s 
requirements.   
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Constant and Adjusted Parameters 
The following parameters remained constant throughout this project: background points (10,000), 
convergence threshold (5 E
-9
), maximum iterations (5,000, instead of the default, 500), and prevalence 
(0.5).  Of special concern is the species prevalence parameter.  Maxent’s default prevalence was 
arbitrarily set by Philips and Dudík (2008) to describe “typical” sites, depending on sampling effort.  
Initial research suggested that the default prevalence setting may be applied to rare species without any 
significant change in species distribution output (Liu et al., 2005).  Still, Elith et al. (2011) recommend 
calculating the prevalence number of the target species for a greater approximation of probability of 
occurrence.  Unfortunately, the prevalence of the bluehead shiner and other understudied, rare species 
cannot be determined with limited information.   Therefore, it must be stated that the following models 
are not predicting the absolute species occurrence probability (Phillips and Elith, 2013).   
Maxent’s default feature settings apply various combinations to model output, depending on 
sample size.  Previous research suggests that these default settings do not perform well at small sample 
sizes. Rather, using only “Hinge” features may work best for models with small sample sizes (Elith et al., 
2011; Shcheglovitova and Anderson, 2013).  Hinge features are inherently complex, and linear and 
quadratic features make hinge features redundant, potentially causing more overfit models.  To mitigate 
this effect, Maxent accounts for this possibility by allowing the user to manipulate Beta-Regularization 
multipliers to ensure a more optimal output.   
Maxent is equipped with features that allow the user to tune or “smooth” environmental variable 
inputs in order to optimize model output (Phillips et al., 2006).  A type of “L1-regularization” parameter, 
the Beta regularization multiplier penalizes the model for complexity.  Each predictor receives a beta 
coefficient value that is used to constrain the model’s predictions to the model’s calibration data.  As the 
regularization multiplier is tuned to a higher value from the default setting of 1, the model is penalized by 
reducing the environmental predictors’ beta coefficients, permitting the model to predict more suitable 
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habitat.  Philips and Dudík (2008) and Warren and Seifert (2011) recommend adjusting the regularization 
multiplier as more features and environmental predictors are employed.  Many species require unique 
settings, and what is optimal for small datasets may not be acceptable for larger datasets (Royle et al., 
2012).  There is a limit where increasing the multiplier can create an unrealistic model.  This can be easily 
distinguished when the majority of the study’s extent is represented as highly suitable habitat.  It is 
advised that one visually inspect the model for such inconsistencies (Shcheglovitova and Anderson, 2013; 
Radosavljevic and Anderson, 2014).   
Experimental Design 
Unfiltered vs. Filtered Extents 
To test the effects of spatial autocorrelation in bluehead shiner occurrence data, two datasets 
(unfiltered and filtered) were created for each extent for a total of 14 models.  All datasets used Maxent’s 
default settings (automatic features, 1x regularization multiplier) to create a habitat suitability model.  
Comparing the two models within the same extent will illustrate how geographic bias affects model 
complexity and inflated model performance.  An exception was made for the Central Louisiana (LA-
quarter) extent.  Only six unfiltered samples lie within the Lower Red River near Alexandria, LA.  After 
spatially filtering these occurrences, only three remained.  In an attempt to follow recommendations for 
minimum sample sizes (Pearson et al., 2007) and to obtain any useful data about the species’ habitat 
requirements in this region, I allowed a pair of occurrences to violate the 5 kilometer minimum Euclidean 
distance.  The examination of the smallest extents is only meant to provide consistency with the 
experiments that follow.  For details of the unfiltered and filtered datasets per extent, refer to Figure 2.3 
and Table 2.2. 
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A.                  
B.  
Figure 2.3: Comparison of unfiltered and filtered occurrence records in the study extent’s geographic 
space.  Unfiltered occurrences (A) are labeled as yellow pentagons, and filtered occurrences (B) are 
labeled as pink triangles throughout the full extent.  Each filtered, pairwise occurrence had a minimum 
Euclidean distance of 5 km between each other.   
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Study Extent 
Unfiltered 
sample 
number 
  Filtered 
Sample 
number 
Full Extent 36 23 
TX/OK-half 25 16 
AR/LA-half 12 7 
TX-quarter 18 10 
OK-quarter 8 6 
AR/N.LA-quarter 6 4 
LA-quarter 6   4* 
 
Table 2.2: Sample number for each unfiltered and filtered dataset.  The spatial filtering analysis used two 
datasets per extent to test for spatial autocorrelation.   
*The (LA) extent did not have enough occurrences to meet the self-imposed 5 kilometer Euclidean 
threshold for pairwise distance.  This exception is only meant to discover unique biogeographical 
information at the occurrence sites.   
Under Maxent’s “Replicate” setting, I used the leave-one-out (n-1) approach for data analysis.  It 
is a type of cross-validation that uses all but one locality for calibration purposes (Pearson et al., 2007).  
The function averages each test occurrence output and analyzes the data for statistical significance when 
generating a model.  It is extremely useful when dealing with small sample sizes (Pearson et al., 2007; 
Shcheglovitova and Anderson, 2013).  There are a few important consequences when using the leave-one-
out approach.  Because the sample sizes for each extent are quite small and all data points are used, the 
dataset is no longer independent, as there is a possibility for under/overestimation bias (Peterson et al., 
2011).  Pearson et al. (2007) explains if each sample locality represents a unique environment, then 
important biogeographical information can be derived to construct a model that identifies unknown 
suitable habitat.   Furthermore, the following experiments address the under/overestimation bias by fine-
tuning Maxent’s settings.   
Tuning Experiments 
After testing the effects of spatial filtering, each extent used filtered datasets with two feature 
settings (Linear vs Hinge) and five regularization multipliers (1x, 1.5x, 2x, 3x, and 4x).  Ten models were 
generated for each of the seven extents in an attempt to generate an optimal model for estimating 
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bluehead shiner habitat suitability.  A total of 70 models were generated for the fine-tuning experiments 
using the leave-one-out cross-validation approach.      
 
 
Figure 2.4: Diagram of the tuning experiments. Ten models were generated per extent.  Two of Maxent’s 
settings were adjusted for descriptive comparison purposes.  This is a general diagram where all extents 
conform to this flowchart. The leave-one-out cross-validation approach is applied to all linear and hinge 
models. 
 
Quantitative Assessments 
The Area Under the Curve (AUC) of the Receiver Operating Characteristic plot (ROC) had been 
the primary statistic to assess a model’s significance (Lobo et al., 2008; Yackulic et al., 2013).  It is a 
threshold-independent assessment that is responsible for measuring the percentage of background points 
that have lower habitat suitability scores than presence points (Phillips et al., 2006).  This should not be 
confused with estimating the probability of presence.  Maxent uses random background points across the 
study’s extent as an alternative to absence data.  It uses the designated calibration occurrence data to train 
the model for the evaluation dataset.  Evaluation AUC values, ranging from 0 to 1 assess model 
significance, where a value of 0.5 predicts suitable habitat no better than by random chance.  As the value 
approaches 1, AUC accuracy predictions will be maximized.  If values approach 0, it will have the 
opposite effect.  However, questions have been raised about the use of the Evaluation AUC as the primary 
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criterion for model performance.  The AUC can be influenced by many variables including but not 
limited to spatial and environmental biases (Lobo et al., 2008; Veloz, 2009; Peterson et al., 2011).  
Rather, it should be used in conjunction with other evaluators of model performance that detect model 
complexity. 
To support the Evaluation AUC as a measure of the model’s discriminative ability, I quantified 
overfitting by calculating the AUC difference (AUCdiff).  This value is obtained by subtracting the AUC 
Evaluation value from the AUC Calibration value.  Models with minimal AUCdiff are least overfit 
(Warren and Seifert, 2011); whereas, overfitting increases as the AUCdiff increases.  The AUC difference 
(AUCdiff) can only compare the values between the other models that share the same extent and sample 
size (Lobo et al., 2008).     
The last assessment used for quantitative evaluation is the threshold-dependent omission rate.    
Maxent can generate a binary map of habitat suitability (unsuitable vs. suitable.) in geographic space from 
the environmental data.  Its threshold value can range between 0 and 1.  If an occurrence record’s 
coordinates land on the output map’s pixels with a value greater than or equal to the threshold value, then 
the occurrence record is within an area of suitable habitat. Various options are available in choosing a 
threshold rule.  These rules include, but are not limited to the following: minimum training presence 
(MTP), 10-percentile-training presence, equal sensitivity and specificity, and maximum sensitivity and 
specificity thresholds.  Depending on project goals, the user should choose a threshold appropriate for the 
study objectives (Wilson et al., 2005).  If one is interested in delineating a species’ distribution for 
conservation purposes, the MPT threshold is recommended (Pearson et al., 2007; Shcheglovitova and 
Anderson, 2013.)  The MPT is more flexible in identifying habitat as suitable, because, as its name 
suggests, it uses the evaluation record identified as the minimum threshold value as the limit.  However, 
setting a threshold value that creates a broader distribution range may increase the probability of false 
positives.  An additional problem with choosing the MPT is that this does not account for errors that may 
be associated with natural history museum records (Graham et al., 2004).  It would be wise to minimize 
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false positives to increase time and resource efficiency while conducting biological surveys to obtain 
more species occurrence data (Loiselle et al., 2003).  Another study (Radosavljevic and Anderson, 2014) 
chose the more conservative route by using the 10 percentile training presence threshold.  In contrast with 
the MPT that uses the lowest predicted value as a threshold, the 10-percentile training presence removes 
the bottom 10 percent of occurrences with the lowest predicted values.  Overall, this decreases the 
predicted area of suitable habitat, but it accounts for potential museum record errors.  The 10-percentile 
training presence will be the threshold for this project’s experiments. 
Omission rates can also be used to estimate model overfitting by comparing the theoretical 
omission rates with those generated from the models.  Using the 10th-percentile training presence in the 
experiments, I expected 10 percent of the sample localities to be omitted.  Any omission rates greater than 
10 percent indicate model overfitting, because the area of predicted suitable habitat may still be confined 
to the calibration occurrences.  In some cases, a model will not achieve the theoretical omission rate after 
tuning Maxent’s settings, and one must decide what an acceptable omission rate is.  Because there is no 
defined limit to what is an acceptable omission rate in the scientific literature that I reviewed, I imposed a 
maximum omission rate limit of 30 percent to identify the maximum tolerance for an overfit model to be 
considered useful.   
Because there are three quantitative assessments involved in identifying an optimal model for 
each extent, it is best to rank which one takes priority.  Based on research from Shcheglovitova and 
Anderson (2013), I used the omission rate as the primary assessment for identifying an optimal model.  
Adjusted regularization multipliers will change how the model is fitted, leading to differing omission 
rates.  The following ranked criteria were used to choose the best model for each extent: (1) omission 
rates less than 30%; (2) AUC difference (AUC calibration – AUC evaluation) minimized; (3) Evaluation 
AUC maximized.  If more than one model of the same feature (linear or hinge) met the following criteria, 
the model with the lowest regularization multiplier was chosen.  This was meant to preserve the 
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discriminative ability, because higher regularization tends to cause model simplicity (Radosavljevic and 
Anderson, 2014).   
Qualitative Assessments 
As the models undergo a series of feature and regularization multiplier adjustments, model 
appearance is expected to change.    Visual inspections are imperative in determining when a model is too 
constrained or too lax in its discriminatory ability (Radosavljevic and Anderson, 2014).  When comparing 
models of the same extent, key characteristics should be observed when examining the logistic output in 
geographic space: (1) unrealistic over-prediction of habitat where the species is known to not occur 
(underfitting); (2) extremely constrained, high-habitat suitability pixels at calibration occurrence sites 
(overfitting); (3) marked differences between various regularization settings.  These characteristics were 
used, along with extensive knowledge of the bluehead shiner’s habitat requirements and range, to choose 
the best performing models.   
Maxent’s Jackknife Test of Variable Importance 
Maxent measures the environmental predictors’ contribution to model gain.  This “Jackknife” test 
of variable importance initially runs the model by withholding one predictor and refits the model.  It then 
withholds all predictors except for the previously withheld predictor and refits the model.  This test is 
repeated until all predictors have been examined.  Maxent creates three bar charts that display the results 
for training gain, test gain, and test AUC gain.  The “test gain” chart will be used to identify the 
following: (1) the top four environmental predictors; (2) the variable that decreased performance most 
when it was omitted; (3) the least contributing predictor.   
Response Curves and Lambdas Files 
Two types of response curves are created to examine model performance: marginal response 
curves and single variable response curves.  Marginal response curves are the result of changing only one 
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variable.  It may be difficult to interpret these curves because there may be strongly correlated variables 
affecting the curves.  In contrast, the single variable response curves display only the corresponding 
predictor without the influence of any other predictor.  These curves may be used to identify any signs of 
overfitting.  Excessive complexity may be distinguished by heavy variance in linear models or erratic 
spikes in hinge models.  Additionally, signs of correlation may be observed when comparing single 
variable response curves to each other.  For this reason, I will also display the response curves of the top 
four predictors.    
Lambdas files are generated in the model output.  It logs feature (e.g. linear, hinge, etc.) 
performances of each environmental variable in the form of coefficients (lambdas) and displays each 
variable’s minimum/maximum values (Merow et al., 2013).  The features will interpret continuous 
variable responses differently.  Linear features are characterized as a more simple process by constraining 
the model using the environmental variables’ mean value from calibration occurrences.  Hinge features, 
are like threshold functions where minimum and maximum threshold values are used to constrain a 
model, but they are used to model piecewise constant responses (Phillips and Dudík, 2008).  Categorical 
variables like “Soils” are not affected by changes in feature type because they are discrete.  The Lambdas 
files display specific information on what attributes of the layer contributed more to model performance.  
These files will be used to describe the physical habitat associated with its corresponding extent.   
  
25 
 
 
 
 
Chapter Three 
 
Results 
Unfiltered vs. Filtered Datasets 
All of the average AUCeval values for the unfiltered extents achieved a high AUC.  The filtered 
datasets generated varied results, but none surpassed AUCeval results greater than the same extent’s 
unfiltered dataset (Figure 3.1).  Only the LA quarter extent had practically identical AUC values.  This is 
expected as there were not enough samples that met the minimum 5 km pairwise Euclidean distance, and 
based on the collection data’s location, no occurrences were found in a stream outside of the Lower Red 
River’s main stem.  In comparing the AUCdiff values, all of the unfiltered extents had the least difference 
between AUC calibration and AUC evaluation data (Figure 3.2).  The filtered models that had the highest 
AUCdiff were the AR/LA half and AR/N.LA quarter extents.  This may be the result of a combination of 
low sample size, greater pairwise distance, and over-parameterization (Warren and Seifert, 2011).  In 
comparing each extent’s unfiltered and filtered average test omission rates, none were close to the 
theoretical 10% omission rate, indicating that all models were overfit.  The majority of unfiltered datasets 
generated models with lower omission rates.  The TX/OK half extent was the exception as the filtered 
dataset performed better (Figure3.3).  The unfiltered omission rates had less variability, with a range of 
33.33% - 52.00%.  In contrast, the filtered omission rates ranged drastically, from 31.25% - 100%.  
Although the unfiltered datasets performed better with lower omission rates, all models exceeded the 30% 
acceptable omission rate which I identified as the maximum tolerance for excessive model complexity.  In 
contrast to the favorable performances for the unfiltered models, visual inspections revealed the opposite.  
Because a large number of models were created for this project, I will only discuss the Texas quarter 
extent (Fig. 3.4, 3.5).  The unfiltered logistic output for the TX quarter extent lacks the predictive ability 
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to expand beyond its calibration points, resulting in an overfit model.  All other filtered models predict 
beyond unfiltered counterparts (Appendix C), but the effects do not reach their maximum potential with 
the default settings.   
 
Figure 3.1: Results of the seven extents’ unfiltered and filtered datasets regarding Evaluation AUCs.  
These threshold-independent evaluations represent the model’s discriminatory ability in predicting 
relative habitat suitability.  The inflated values exhibited by the unfiltered models can be attributed to 
sampling bias through spatially autocorrelated occurrence records.   
 
Figure 3.2: Results of the seven extents’ unfiltered and filtered datasets regarding calibration AUC minus 
evaluation AUC (AUCdiff).  Another threshold-independent evaluation, overfit models are characterized 
by high AUCdiff values, assuming the dataset is spatially independent.  Unfiltered, spatially dependent 
datasets tend to mislead users by exhibiting AUCdiff values that are relatively low. 
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Figure: 3.3: Results of the seven extent’s unfiltered and filtered datasets regarding omission rates.  All 
performances for both types of datasets failed to generate omission rates less than 30%.  Further tuning 
was required to decrease omission rates to acceptable levels.   
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Figure 3.4: Logistic output of the unfiltered TX occurrence dataset (n = 18).  The predictive ability is 
restricted, only identifying highly suitable habitat near the calibration occurrences.  Default settings were 
used (auto features, 1x regularization multiplier).   
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Figure 3.5: Logistic output of the filtered TX occurrence dataset (n = 10).  Even though this ENM uses 
fewer samples, the model identifies a larger area of suitable habitat.  Default settings were used (auto 
features, 1x regularization multiplier).   
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Tuning Experiments  
Quantitative Assessments 
Each extent’s omission rates (Figures 3.6a – 3.12a) generally exhibited a pattern within both 
linear and hinge models.  As the regularization multiplier increased, the omission rate decreased.   The 
OK quarter extent was the only exception that deviated from this pattern.  The omission rate decreased 
initially, but increased at larger regularization multipliers.  Comparing omission rates between linear and 
hinge models, a few extents maintained negligible differences.  The full extent, TX/OK half extent, and 
TX quarter extent maintained negligible differences between linear and hinge model omission rates.  The 
AR/LA half extent’s hinge models outperformed the linear models at 1.5x regularization multiplier.  The 
OK quarter extent’s hinge models outperformed the linear models, but all omission rates failed to descend 
below the 30% omission rate limit.  The AR/N.LA quarter extent’s hinge models outperformed the linear 
models at higher regularization multipliers (3x and 4x).  The linear models of the LA quarter extent 
outperformed at the 2x regularization multiplier.  Numerical values may be found in Appendix D. 
The AUC difference (hereafter, AUCdiff) values (Figures 3.6b – 3.12b) trended similarly for most 
extents. As the regularization multiplier increased, AUC difference decreased or remained stable.  Default 
regularization multipliers generated higher AUCdiff.  The OK quarter extent was the exception.  Its pattern 
contrasted the other extents where the AUCdiff increased as the regularization multiplier increased.   In a 
comparison between linear and hinge features, four extents produced negligible differences (the full 
extent, the TX/OK half extent, the TX quarter extent, and the LA quarter extent.)  The other extents’ 
hinge features (the AR/LA half extent, OK quarter extent, and AR/N.LA quarter extent) outperformed the 
linear features, though minimally.   
Average Evaluation AUC (hereafter, AUCeval) values (Figures 3.6c – 3.12c) also generated a 
similar pattern for the seven extents.  As the regularization multiplier increased, the AUCeval decreased or 
remained stable.  Some slight fluctuations were observed in the AR/LA half and AR/N.LA quarter 
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extents, but the stable pattern was maintained overall.  A majority of extents maintained an AUCeval 
greater than 0.85.  Only two extents, the AR/LA half-extent and AR/N.LA quarter-extent, generated an 
AUCeval less than 0.85.  Comparing linear and hinge features, three extents (the full extent, TX-quarter, 
and LA-quarter extent) had negligible differences.  The TX/OK half extent’s linear models outperformed 
slightly.  The AR/LA half extent’s hinge models outperformed at lower regularization multipliers, but the 
linear models outperformed at higher regularization multipliers.  The OK quarter extent’s hinge models 
slightly outperformed the linear models, and the AR/N.LA quarter extent’s hinge models outperformed all 
the linear models.  Numerical values may be found in Appendix E. 
Extent 
Best Performing 
Combination 
Default 
Omission 
Rate 
Best 
Performing 
Omission Rate 
Default 
AUC 
Best Performing 
AUC 
Full Extent Linear, 3x RM 52%** 13% 0.841 0.848 
TX/OK-half Linear, 3x RM 31%** 25% 0.947 0.934 
AR/LA-half Linear, 3x RM 43%** 0% 0.701 0.754 
TX-quarter Linear, 2x RM 50%** 10% 0.983 0.991 
OK-quarter Hinge, 1.5x RM 67%**   50%** 0.896 0.925 
AR/N.LA-quarter Hinge, 3x RM 100%**   75%** 0.714 0.818 
LA-quarter* Linear, 2x RM 75%** 25% 0.999 0.999 
Table 3.1: Summary of quantitative assessment results.   
* After spatially filtering the Louisiana extent’s occurrences, three samples remained.  A minimum of 
four samples are recommended for these experiments.  An exception was made to maintain the minimum 
sample number.   
**These values exceeded the 30% maximum omission rate limit for model complexity. 
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 Figure 3.6: Descriptive comparisons of linear and hinge features for the study’s full extent.  Omission 
rates (a) dip below the suggested omission rate criterion of 30% after adjusting the regularization 
multiplier to 2x.  Quantitative differences between AUCdiff (b) and AUCeval (c) are negligible between the 
two features. 
(a) 
(b) 
(c) 
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Figure 3.7: Descriptive comparisons of linear and hinge features for the TX/OK half extent. Omission 
rates (a) dip below the suggested omission rate criterion of 30% after adjusting the regularization value to 
3x.  Aside from a marginal difference at the 4x regularization multiplier, quantitative differences between 
AUCdiff (b) and AUCeval (c) are negligible between features.    
(a) 
(b) 
(c) 
34 
 
 
 
 Figure 3.8: Descriptive comparisons of linear and hinge features for the AR/LA half extent.  Omission 
rates (a) dip below the omission rate criterion of 30% after adjsuting the regularization value to 1.5x.  
Quantitative differences are marginally different between AUCdiff (b) and AUCeval (c), where the hinge 
models perform better at lower regularization values and linear models perform better at higher values.   
(a) 
(b) 
(c) 
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Figure 3.9: Descriptive comparisons of linear and hinge features for the TX quarter extent.  Omission 
rates (a) dip below the suggested omission rate criterion of 30% after adjusting the regularization value to 
1.5x.  Quantitative differences are negligible between between omission rates (a), AUCdiff (b), and 
AUCeval (c) features.    
(a) 
(b) 
(c) 
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Figure 3.10: Descriptive comparisons of linear and hinge features for the OK quarter extent.  Omission 
rates (a) fail to drop below the omission rate criterion of 30% throughout the tuning experiments.  
Quantitative differences between AUCdiff (b) and AUCeval (c) are marginal at best, where hinge models 
perform better.  This is the only extent whose patterns trend contrary to the other extents.   
(a) 
(b) 
(c) 
37 
 
 
 
 
Figure 3.11: Descriptive comparisons of linear and hinge features for the AR/N.LA quarter extent.  
Omission rates (a) only dip below the suggested omission rate criterion of 30% for the hinge models after 
adjusting the regularization value to 3x.  Quantitative differences between AUCdiff (b) and AUCeval (c) are 
marginally different between features, where hinge models perform better.  
(a) 
(b) 
(c) 
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Figure 3.12: Descriptive Comparisons of linear and hinge features for the LA quarter extent.  Omission 
rates (a) dip below the suggested omission rate criterion of 30% for linear models after adjusting the 
regularization mulitplier to 2x and the hinge models at 3x.  Omission rates aside, quantitative differences 
are negligible between AUCdiff (b) and AUCeval (c) features.   
(a) 
(b) 
(c) 
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Qualitative Assessments 
Of the seven extents, all default linear models and Hinge models with default regularization 
multipliers failed to be candidates for optimal models.  Yet, a majority of models passed the threshold-
dependent assessments when regularization multipliers reached a value of two. For threshold-independent 
tests, a majority also maintained high average AUCeval values and minimized AUCdiff at the 2x 
regularization multiplier.  Without visually examining the models, it is difficult to distinguish whether it 
is better to choose a model with a zero-omission rate, compared to an omission rate that is proximal to the 
self-imposed omission rate limit.   
Because a large number of models were created for this project, I will briefly explain the results 
for the majority of models and only focus on one successful extent (TX) and three regularization 
multipliers from the linear feature to demonstrate the qualitative evaluation process.  Please refer to 
Appendix G to view the best performing models and their respective response curves for each extent.  
Visual inspection of the TX quarter extent’s five linear models revealed an expected pattern of decreased 
model overfitting.  As regularization increases, model complexity decreases (Figure 3.13).  At the 1x 
regularization multiplier, overfitting is most pronounced near species occurrence points.  Patches of high 
habitat suitability (warm colors) are surrounded by perceived least suitable habitat (cool colors).  The 2x 
regularization multiplier model begins to expand from the species occurrence points while maintaining its 
discriminative ability.  It also begins to predict, though slightly, within the Big Cypress/Caddo Lake 
watershed (neutral colors).  The 4x regularization multiplier model, on the other hand, begins to highlight 
vast regions of habitat suitability.  Consequently, the model begins to lose its discriminative ability, 
resulting in an underfit, oversimplified model.  The hinge models performed similarly to the linear 
models, where the 2x regularization multiplier of both linear and hinge models would be optimal model 
candidates. 
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Even though both model features are similar in qualitative performance, it would be best practice 
to compare between the best linear and hinge models and chose the model that agrees with expert 
knowledge of the target species’ known range.  The signs of high habitat suitability are very similar 
between the linear and hinge models (Fig. 3.14).  Interestingly, the overall predictability begins to shift 
into different sections of the River basin.  The linear model’s warmer colors permeate mostly within the 
Big Cypress/Caddo Lake watershed, but the hinge model shifts its focus on an adjacent watershed, the 
Sulphur River.  Because the species is not known to be collected within the Sulphur River or its 
tributaries, the hinge model may not be a realistic model.  Hence, I accepted the Linear, 2x regularization 
multiplier model as the optimal model.    
Of the seven extents’ models, two passed visual inspection and maintained a reasonable omission 
rate and AUCdiff . The Full Extent and TX/OK half extent both achieved optimal status at the linear 
features, with a 3x regularization multiplier.  The OK extent balanced its discriminative ability using the 
linear features at 1.5x regularization multiplier, but, as noted in the omission rate assessment, none of the 
linear and hinge models generated an omission rate below 30%.  The other three extents’ (AR/LA half, 
AR/N.LA quarter, and LA quarter extent) models with acceptable omission rates failed to predict suitable 
habitat without highlighting the majority of their respective extents.    
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Figure 3.13: Maxent models depicting 
relative habitat suitability of the bluehead 
shiner (Pteronotropis hubbsi) across the 
TX quarter extent.  Three linear models of 
selected regularization multipliers are 
presented using the leave-one-out cross 
validation analysis.  The color scale of 
increasing intensity indicates low to high 
suitability.  Noticeable signs of overfitting 
are depicted by the default regularization 
multiplier (A).  Discriminative ability 
weakens at the 4x regularization multiplier 
(C).  The best performing model (B), 
balances model complexity.  
 
 
  
(A) Regularization Multiplier: 1x   ( ) g l riz ti  lti li r: x 
(B) Regularization Multiplier: 2x 
(C) Regularization Multiplier: 4x 
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 (A)  
(B)  
Figure 3.14: Linear and hinge feature comparison of the TX quarter extent at 2x regularization multiplier.  
Suitability habitat near species occurrence locations is relatively similar, but the linear class model (A) 
tends to predict mostly within the Big Cypress/Caddo Lake watershed (forked region between Lake O’ 
the Pines and Caddo Lake).  The hinge class model (B) concentrates more on predicting habitat within 
larger tributaries and the Sulphur River watershed (northern streams, primarily lime-green).  Because the 
bluehead shiner is not known to have been collected in that watershed, the linear class model at 2x 
regularization multiplier is considered to be the more realistic model. 
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Jackknife Test for Variable Importance and Physical 
Habitat 
The best performing models’ environmental variables 
contributed differently per extent.  The Jackknife Test of 
Variable Importance’s “Test Gain” bar graphs (Appendix F) 
displayed each variable’s importance relative to another.  The 
top four variables, the least contributing variable (LCV), and 
the most significant variable when omitted (MSVO) were 
identified based on their test gain value depicted in each graph.  
The Full Extent’s four major predictors, presented through 
their respective response curves, include land cover and 
hydrologic variables (Fig. 3.15).  Its first major predictor, soils, 
suggested that bluehead shiner habitat is associated with 
various soil types.  The most prominent types that contributed 
to model performance included complexes of Rexor-Guyton, 
Guyton-Rosebloom, and Mooreville-Mantachie complexes.  
Given their unique properties, which will be identified in the 
half and quarter extent descriptions, they also share similar 
characteristics.  Their soil pH is predominantly highly acidic 
and composition is primarily clay-silt and sandy loams.  They 
are frequently flooded, with varying water permeability, but 
mostly poorly drained.  Next, the river basin layer identified four basins associated with habitat 
suitability: Big Cypress-Sulfur, Red-Little, Lower Ouachita, and Lower Red River Basins. Common 
Strahler stream orders ranged within mid-level streams of 4th – 7th orders.  The last predictor, average 
annual velocity, described approximate mid-channel stream velocities between 0.7 – 2.4 feet per second 
(fps).  The LCV was precipitation of the wettest month, while the MSVO was river basin.  Other useful 
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physical habitat descriptions include land cover types 
predominantly West Gulf Coastal Plain Mesic Hardwood 
Forest and Gulf Coastal Plain Small Stream and River Forest.  
The climate variable, isothermality, maintained a relatively 
narrow range throughout the extent.  This climatic layer is 
useful in determining whether the bluehead shiner has adapted 
to various temperature ranges.  In this case, it’s presence within 
a narrow range indicates its preferred habitat has a limited 
diurnal temperature range.  The remaining variables range 
significantly and may be best observed at smaller extents.   
The TX/OK half extent’s predictors favored land 
cover/geologic categories (Fig 3.16).  The first predictor, soils, 
characterized suitable habitat with fewer varieties of soil 
complexes in comparison to the full extent.  Rexor-Guyton 
complexes contributed to model gain for the Oklahoma region 
while Sardis-Mathiston and Mooreville-Mantachie complexes 
dominated the Texas region.  According to the Soil Survey 
Staff et al. (2015), Guyton-Rexor complexes are primarily 
formed in alluvium and characterized as predominately fine silt 
with sand content ranging from 10-40%.  Soil pH ranges from 
moderate to strongly acidic, and soil permeability is slow to 
moderate.  Guyton differs by its poorly draining properties, in contrast to Rexor’s well-drained properties.  
Bald cypress and other water-tolerant trees prefer Guyton loams while white oak, hickory and loblolly 
pines favor Rexor soils.  In the Texas region, Mooreville-Mantachie complexes are composed of 20-35% 
clay, 20-40% sand, and 0-10% gravel.  Soil pH ranges from moderately – strongly acidic.  They are 
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poorly drained with low to moderate permeability, leading 
to frequent flooding. Their slopes tend to be less than 1%.  
Similarly, the Sardis-Mathiston complexes are composed of 
20-35% clay, and 10-15% gravel.  Soil pH ranges from 
strong to very strongly acidic.  Water permeability is 
moderate and somewhat poorly drained, which may 
contribute to its frequently flooded status.  It supports native 
hardwood forests similar those that grow in Rexor-Guyton 
complexes.  The next predictor, stream order, is similar to 
the full extent’s categories of 4th – 7th Strahler orders.  Two 
river basins contribute to model gain: the Big Cypress-
Sulfur Basin and Little-Red River Basin.   The geology 
layer, generally characterized the primary rock types to be 
sand and terrace in East Texas’ Big Cypress-Sulphur basin 
and alluvium in Oklahoma’s Red-Little basin.  The MSVO 
was identified as Soils, and the LCV was average annual 
stream velocity (approximately 1.2 fps).   
The AR/LA half extent’s top variables relied on 
land cover, hydrologic, and climate variables (Fig. 3.17).  
Some information from the other variables was inconclusive 
because Maxent could not determine a relationship between the physical conditions and the bluehead 
shiner occurrences.  Stream order contributed to most of the model’s gain, where the prominent stream 
order identified was 7 in the Central Louisiana region, with lesser-weighted stream orders associating the 
northern occurrences.  To a lesser degree, the river basin variable identified Lower Red River Basin as 
another contributor to performance.  The geology layer highlighted the predominant rock type as silt and 
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alluvium as the lesser type.  The mean temperature of the 
driest quarter (approximately 23⁰ C) was suggested to be 
significant variables.  The MSVO was River Basin, and the 
LCV was Mean Temperature of the Wettest Quarter (range 12-
16⁰ C).  All other variables had negligible values toward 
model performance.   
The TX quarter extent’s top contributors included land 
cover and climatic variables (Fig. 3.18).  The major soil type 
was the Mooreville-Mantachie complexes.  Within the Big 
Cypress-Sulphur Basin, higher habitat suitability was 
associated with mean temperatures of 26-27⁰ C for the driest 
quarter.  Geology rock types are dominated by sand, with 
terrace as a smaller contributor.  Other contributing variables 
are of the following: average temperature of the wettest quarter 
(23-24⁰ C); average precipitation of the driest quarter 
(approximately 220 mm of rainfall); land cover (West Gulf 
Coastal Plain Small Stream and River Forest); and Strahler 
stream order (4
th
 and 5
th
 orders).  Tributaries with an average 
annual flow of 450 cubic feet per second (cfs) and average 
annual velocity of 1.1 fps associated with bluehead shiner 
physical habitat at the stream segment.  The MSVO was River Basin, and the LCV is Land Cover. 
The OK quarter extent predictors (Fig. 3.19) included soils (Rexor-Guyton complexes), stream 
order (5
th
 and 6
th
 orders), geology (alluvium), and mean temperature of the driest quarter (9 ⁰C during 
winter).  Precipitation of the wettest month(156 mm).  Other descriptive environmental variables 
included: land cover (West Gulf Coastal Plain Northern Calcareous Prairie and West Gulf Coastal Plain 
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Large River Floodplain Forest), average annual flows 
approximately 1050 cfs, and annual velocity of 1.3 fps.  
Precipitation of the Wettest Month averaged around 156 mm, 
while the Mean Temperature of the Driest Quarter averaged 
263 mm.  The Mean Temperature of the Wettest Quarter 
(spring) averaged at 16.5 ⁰C.    The MSVO was soils, and the 
LCV was average annual velocity.   
The AR/N.LA quarter extent did not favor many 
variables (Fig. 3.20).  Only one predictor, River Basin, 
performed better than the others.  A majority of predictors 
performed equally, preventing my identifying abiotic 
characteristics that associate with bluehead shiner presence.  
The soils layer surprisingly decreased model gain, and data 
could not be used to identify any soil type.  The MSVO was 
Geology (Silt), and the LCV was Soils.   
The LA quarter extent’s habitat suitability associated 
with hydrologic and land cover predictors (Fig 3.21).  High 
habitat suitability associations included average annual flow of 
30,000 cfs, 7
th
 order streams, silt geologic rock type, and an 
average annual velocity of approximately 2.5 fps.  Lesser 
contributing variables with useful descriptive value include 
land cover (cultivated cropland), a large cumulative drainage area f 17,200 square kilometers, and soils 
(Roxana and Gore).  Roxana clay content ranges from 10-18%, and fine sand from 10-15%.  Soil pH is 
mildly alkaline to neutral, well drained, and moderately permeable.  Native vegetation of willow, pecan, 
and cottonwood has mostly been cleared for agricultural purposes.  Gore soils consist of either silt or fine 
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sandy loams, and soil pH is moderately to strongly acidic.  Often slowly permeable and well-drained, 
Gore soils are preferential for a mixture of hardwoods and pines.  Climate variables include mean 
temperature of the driest quarter (24⁰C), precipitation of the wettest month (167 mm), and mean 
precipitation of the driest quarter (306 mm).  The MSVO was Geology, and the LCV was Soils.   
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Chapter Four 
Discussion and Conclusion 
Discussion 
The preliminary unfiltered vs. filtered experiments confirmed what is known about the 
inconspicuous effects of spatial autocorrelation from unfiltered samples (Veloz, 2009; Peterson et al., 
2011).  Previous applied research during Maxent’s early years often overlooked the effects of spatial 
autocorrelation.  The unfiltered results alone may seem compelling that disregarding spatial filtering 
creates an acceptable model. However, after accounting for the unacceptable average test omission rates 
and the visual inspections, overlooking spatial filtering only feigns the model’s robust performance.  
Visual examinations reveal that unfiltered models lack adequate predictive ability.  The filtered models, in 
contrast, are less hindered by spatial autocorrelation, though it is apparent that their performances are 
undermined by model complexity and require further tuning. 
For the tuning experiments, several patterns supported and conflicted with past research 
(Shcheglovitova and Anderson, 2013; Radosavljevic and Anderson, 2014).  As the regularization 
multiplier increased from its default setting, trends included decreases in AUCeval, AUCdiff, and omission 
rates and an increase in suitable habitat.  Comparing models within a feature, no linear or hinge models 
with default regularization values passed the quantitative assessments, but the vast majority of models 
maintained an acceptable omission rate once the regularization multiplier increased beyond the default 
setting.  Optimal regularization multipliers ranged from 1.5x – 3x the default setting.   
Contrasting Shcheglovitova and Anderson’s (2013) research, I expected significant differences in 
linear and hinge model comparisons, but the comparisons yielded marginal differences.  Only two quarter 
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extents (OK and AR/N.LA) generated slightly better AUCdiff and AUCeval values using hinge features 
(Figures 3.10 and 3.11).  The other extents (Full Extent, TX/OK half, AR/LA half, TX quarter, and LA 
quarter) yielded similar results that may not require feature adjustment.  A potential reason for negligible 
differences may be because of the choice of environmental predictors.  Shcheglovitova and Anderson 
(2013) used all 19 climatic layers from Worldclim, no categorical predictors, and no method in data 
reduction.  In contrast, my methods reduced the climate layers by using Pearson correlation matrices and 
incorporated categorical predictors.  The OK quarter extent, however, was contrary to all of these trends.  
A potential reason for this discrepancy may be the result of temporal differences in climatic layers.  For 
example, one of the single variable response curves, mean temperature of the driest quarter, experienced 
strong variations in comparison to the other response curves.  Oklahoma’s driest quarter normally occurs 
during the winter, in contrast to the other regions’ driest quarters which occurs during the summer.   
Caution should be used in choosing regularization multipliers.  In geographic space, default 
models exhibited significant overfitting, but as the regularization multiplier increased, model complexity 
decreased.  Models with intermediate regularization multipliers, relative to this project, appeared to 
generate more realistic predictions, but advanced regularization multipliers lost their predictive ability.  
Comparisons between linear and hinge models are subjective, and may be chosen, based on expert 
knowledge of a species historical and current distribution.  There is no recommended regularization 
multiplier to balance model complexity, but each project requires users to experiment with Maxent’s 
settings in order to view differences in the model’s discriminative ability.   
From the final outcomes, only three extents may be recommended for use in identifying unknown 
bluehead shiner populations: the full extent, TX/OK half, and TX quarter extent.  The other four extents, 
AR/LA half, OK quarter, AR/N.LA quarter, and LA quarter extents failed either the quantitative 
assessments or the qualitative assessments.  For the Full Extent (Linear, 3x regularization multiplier; 
omission rate = 13.04%), the logistic output had somewhat of a balance of discriminative ability in the 
western half of the map.  The eastern half predicted less suitability.  Zooming into the Texas occurrence 
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points, underfitting was observed, where nearly the entire river basin’s main streams were predicted to be 
good suitability.  The Oklahoma, Arkansas, and Louisiana regions experienced a balance in predictive 
suitability.  The Texas cluster appeared to be affecting the model’s ability to realistically predict suitable 
habitat for the others.  Removing the eastern extent and its respective occurrences, the logistic output for 
the TX/OK half extent [Linear, 3x regularization multiplier; Omission Rate = 25.00%] gained better 
discriminative ability within the Texas population, but it was still predicting beyond the Big 
Cypress/Caddo Lake watershed into the Sulphur tributaries.  The Oklahoma cluster, however, had 
reduced habitat suitability.  The TX quarter extent [Linear, 2x regularization multiplier; Omission Rate = 
10.00%] succeeds in mostly constraining itself within its known watershed.  A few areas of neutral 
suitability are present in the Sulphur River main stem, but the vast majority of suitability is located in the 
Big Cypress/Caddo Lake watershed.  Zooming into the known occurrences, the high suitability color 
scheme began to taper into the surrounding areas, suggesting a balanced model.   
 Even though the AR/LA half extent’s [Linear, 3x regularization multiplier; Omission Rate = 
14.29%] omission rate is below the 30% limit, the “best” output did not offer any useful information.  The 
entire Red and Ouachita Rivers were considered highly suitable.  Even if one were to compare the default 
filtered model with this “best performing” model, the better discriminatory value of the default would be 
moot as its omission rate generated a staggering 100%.  Of considerable interest, the OK quarter extent 
[Hinge, 1.5x regularization multiplier; Omission Rate = 50.00%] trended dissimilarly to the rest of the 
extents.  When increasing the regularization values, the omission rates dropped around the 2x and 3x 
regularization multipliers, but returned to its default omission rate at the 4x regularization multiplier.  The 
AUCdiff also unexpectedly increased as regularization multipliers increased.  Although it failed the 
omission rate criterion, its “best performing” suggests that a few more occurrence points that satisfy the 
spatial independence criterion may offer an optimal output in future experiments.  Similar to the 
performance of the eastern half extent, the AR/N.LA quarter extent [Hinge, 3x regularization multiplier; 
Omission Rate = 75.00%] failed at the discriminative level, highlighting a neutral region for the entire 
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Lower Ouachita River Basin.  If the default output were to be considered instead, the omission rate of 
100% would still have discredited its overall performance.  It can be argued that this response is because 
of the excessively great pairwise distances from each other (Veloz, 2009).  A species, known for its 
endemicity, has been spatially projected as if it were a generalist.  The LA quarter extent [Linear, 2x 
regularization multiplier; Omission Rate = 25.00%] also failed.  One pair of samples was too close to 
each other, violating the assumption of spatial independence.  Because the only occurrences were located 
in one stream order, Maxent applied a great emphasis to the stream order variable.  The only predicted 
habitat was observed in the Lower Red River main stem.  Heavy overfitting was observed at the 
occurrence points, and no other useful geospatial information could be interpreted.   
Maxent’s Jackknife Test of Variable Importance identified a few environmental predictors that 
consistently made the top four list of contributing variables: river basin, geology, stream order, and soils.  
At a regional scale, climate and, to a lesser degree, topography are assumed to be greater predictors than 
land-use and soil types (Pearson and Dawson, 2003).  The bluehead shiner’s various extents did not 
necessarily follow this assumption.  Even though the extents are large enough to be identified as regional, 
it is possible that the seven extents are small enough to also be considered at the landscape scale.     
The bluehead shiner’s physical habitat preferences can be inferred from the response curves and 
Lambdas data of each extent.  For the Texas-Oklahoma half and Lower Arkansas regions, stream flows 
and velocities tend to be relatively low.  Lower and mid-level stream orders within this region fit this 
description.  Major geologic rock types of sand, alluvium, and terrace also support the soil types 
associated with occurrences.  These soils, though different in their own respects, share many common 
properties that support flora that may potentially support bluehead habitat types.  They are highly acidic, 
are composed of clay-silt and sandy loams, and are often water-saturated.  Water-tolerant trees such as 
bald cypress, willow, and loblolly pines favor such conditions, as noted by Fletcher and Burr’s (1992) 
documentation of bluehead shiner habitat.  Additional support came from the ESRI land cover’s common 
ecosystem type, Gulf Coastal Plain mesic hardwood and pine.   
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Even though information is limited for the Central Louisiana region and may be spatially biased, 
it is worth noting that the bluehead shiner occurrences’ habitat is vastly different to historical references.   
In contrast to the low flows and velocities of the majority of streams indicative of suitable habitat, Central 
Louisiana’s 7th order, Lower Red River supports high stream flow.  Bank cover is minimal, as noted by 
the dominant land cover of cultivated cropland.  Assuming proper species identification and 
georeferencing, it is possible that the bluehead shiners inhabit smaller tributaries that merge with the Red 
River.  Future surveying of this area is recommended to determine whether the species is indeed capable 
of adapting habitat dissimilar to current knowledge.   
Future directions should include testing the best performing models’ validity.  An independent 
survey is recommended to sample both suitable and unsuitable habitat.  Accounting for geographic bias, 
the survey must collect enough occurrence records to develop two types of independent datasets, those for 
calibrating and evaluating purposes.  Instead of randomly partitioning sample occurrences, calibration 
data should be separated from evaluation data to minimize geographic bias (Peterson, 2011).  In addition, 
a k-fold cross validation should be applied, rather than the leave-one-out cross validation used for this 
project.  This may also reduce geographic bias. Finally, these models are only a relative estimation of 
habitat suitability.  Using these ENMs to conserve critical habitat for the species requires further 
information on species prevalence throughout the region.  This project should only be used to discover 
unknown populations (Wisz et al., 2008).   
Conclusion 
Targeted biological assessments of an understudied aquatic species such as the bluehead shiner 
can strain environmental conservationists’ limited resources, as this requires extensive knowledge of its 
physical habitat and exhaustively sample tributaries in areas that are difficult to access.  Fortunately, 
technological advancements and methodological improvements in ecological niche modeling may 
contribute to the bluehead shiner’s status assessment by promoting time efficiency and reducing wasted 
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resources.  Instead of haphazardly sampling entire stream segments where the bluehead shiner was 
recorded as present, these ENMs will allow biologists to sample areas of high habitat suitability with 
reasonable certainty that the survey may reveal unknown populations.  This confidence is attributed to 
recommendations within the ENM community. 
Varying degrees of model complexity are found in any ENM, and it takes on many forms, from 
spatially autocorrelated datasets, excessive parameters, limited sample sizes, and overlooking model 
tuning.  But Maxent’s pioneers devised assessments that can scrutinize the reliability of a model.  Based 
on their recommendations of reducing model complexity, I demonstrated the necessity of filtering 
datasets and tuning Maxent’s regularization multiplier and feature settings.  I also accounted for the 
challenges that affect model performance by balancing model complexity, tuning Maxent’s settings to 
maximize performance, and reduced the effects of non-independent datasets by filtering and reducing 
environmental predictors.  Of the seven extents that were modeled, only three extents generated models 
that met the criteria imposed throughout this project.  Although the remaining four extents failed to 
generate a habitat suitability model for surveying purposes, information from the environmental layers 
contributed in describing physical habitat, in association with the species occurrences.  Additionally, the 
top variables that consistently contributed to model performance (soils, river basin, geology, and stream 
order) may benefit the ENM community in identifying an aquatic species’ habitat.   
There is still much to discover about the bluehead shiner’s viability as a species.  Its historical 
data primarily focused on populations that border Arkansas and Louisiana and the assumed extirpated 
population of Southern Illinois.  Relatively little information is available on the three other population 
clusters in Oklahoma, Texas, and Central Louisiana.  Biological requirements for one region may not be 
the same for those within the bluehead shiner’s current distribution.  The information provided by this 
project may be useful in conducting surveys in these lesser-known areas.  Future efforts should focus not 
only on improving model performance, but also on understanding the microhabitat requirements because 
these ENMs are limited to a regional scale.   
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Appendix A 
Species Occurrence Data 
These occurrence records were used for the unfiltered datasets per extent.  The filtered datasets used this 
data, and any pairwise occurrences less than 5 kilometers were removed to reduce spatial autocorrelation.  
(LA) extent is the only exception in order to maintain a minimum sample size of four.   
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Appendix A: Continued 
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Appendix A: Continued 
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Appendix B 
Table of Environmental Variables Used Per Study Extent 
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Appendix C 
Unfiltered vs. Filtered Occurrence Dataset Assessments, Their Respective Maxent Raw Output Maps, and 
Response Curves 
All datasets used Maxent’s default settings (auto features, 1x regularization multiplier) 
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Appendix C: Continued 
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Appendix C: Continued 
Full Extent: Unfiltered 
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Appendix C: Continued 
Full Extent: Filtered 
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Appendix C: Continued 
TX/OK: Unfiltered 
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Appendix C: Continued 
TX/OK: Filtered 
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Appendix C: Continued 
AR/LA: Unfiltered 
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Appendix C: Continued 
AR/LA: Filtered 
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Appendix C: Continued 
TX: Unfiltered 
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Appendix C: Continued 
TX: Filtered 
 
  
73 
 
Appendix C: Continued 
OK: Unfiltered 
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Appendix C: Continued 
OK: Filtered 
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Appendix C: Continued 
LA: Unfiltered 
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Appendix C: Continued 
LA: Filtered 
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Appendix C: Continued 
AR/N.LA: Unfiltered 
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Appendix C: Continued 
AR/N.LA: Filtered 
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Appendix C: Continued 
Unfiltered Full Extent: Marginal Response Curves 
 
Unfiltered Full Extent: Single Variable Response Curves 
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Appendix C: Continued 
Filtered Full Extent: Marginal Response Curves 
 
Filtered Full Extent: Single Variable Response Curves 
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Appendix C: Continued 
Unfiltered TX/OK: Marginal Response Curves 
 
Unfiltered TX/OK: Single Variable Response Curves 
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Appendix C: Continued 
Filtered TX/OK: Marginal Response Curves 
 
Filtered TX/OK: Single Variable Response Curves 
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Appendix C: Continued 
Unfiltered AR/LA: Marginal Response Curves 
 
Unfiltered AR/LA: Single Variable Response Curves 
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Appendix C: Continued 
Filtered AR/LA: Marginal Response Curves 
 
Filtered AR/LA: Single Variable Response Curves 
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Appendix C: Continued 
Unfiltered TX: Marginal Response Curves 
 
Unfiltered TX: Single Variable Response Curves 
  
86 
 
Appendix C: Continued 
Filtered TX: Marginal Response Curves 
 
Filtered TX: Single Variable Response Curves 
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Appendix C: Continued 
Unfiltered OK: Marginal Response Curves 
 
Unfiltered OK: Single Variable Response Curves 
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Appendix C: Continued 
Filtered OK: Marginal Response Curves 
 
Filtered OK: Single Variable Response Curves 
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Appendix C: Continued 
Unfiltered AR/N.LA: Marginal Response Curves 
 
Unfiltered AR/N.LA: Single Variable Response Curves 
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Appendix C: Continued 
Filtered AR/N.LA: Marginal Response Curves 
 
Filtered AR/N.LA: Single Variable Response Curves 
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Appendix C: Continued 
Unfiltered LA: Marginal Response Curves 
 
Unfiltered LA: Single Variable Response Curves 
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Appendix C: Continued 
Filtered LA: Marginal Response Curves 
 
Filtered LA: Single Variable Response Curves 
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Appendix D 
Threshold-dependent Assessments 
A self-imposed threshold is set to define an acceptable Omission Rate (OR): <0.3000 (30%).  The 10-
percentile training presence threshold was used.  Maxent uses this threshold based on the assumption that 
10% of sample occurrences found in the least suitable habitats are incorrectly identified or aren’t 
indicative of the rest of the sampled population. 
All red-highlighted values have exceeded the threshold.  
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Appendix D: Continued 
Threshold-Dependent Assessments    
Full Extent: Linear Features n = 23   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.1323 0.0909 0.5217 
1.5x 0.1276 0.0909 0.3478 
2x 0.1292 0.0909 0.2609 
3x 0.1341 0.0909 0.1304 
4x 0.1485 0.0909 0.1304 
    
Full Extent: Hinge Features n = 23   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.1733 0.0909 0.5217 
1.5x 0.1517 0.0909 0.3478 
2x 0.1511 0.0909 0.2609 
3x 0.1357 0.0909 0.1739 
4x 0.1368 0.0909 0.1304 
 
Threshold-Dependent Assessments    
(TX/OK): Linear Features n = 16   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.1841 0.0667 0.3125 
1.5x 0.1802 0.0667 0.3125 
2x 0.2052 0.0667 0.3125 
3x 0.2884 0.0625 0.2500 
4x 0.4020 0.0667 0.1875 
    
(TX/OK): Hinge Features n = 16   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.2485 0.0667 0.3125 
1.5x 0.2402 0.0667 0.3125 
2x 0.2525 0.0667 0.3125 
3x 0.3000 0.0667 0.2500 
4x 0.3891 0.0667 0.1250 
Appendix D: Continued 
Threshold-Dependent Assessments    
(AR/LA): Linear Features n = 7   
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Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.2036 0 0.4286 
1.5x 0.1514 0 0.2857 
2x 0.1689 0 0.1429 
3x 0.2827 0 0 
4x 0.4099 0 0 
    
(AR/LA): Hinge Features n = 7   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.1910 0 0.4286 
1.5x 0.1453 0 0.1429 
2x 0.1626 0 0.1429 
3x 0.2421 0 0.1429 
4x 0.3577 0 0.1429 
 
Threshold-Dependent Assessments    
(TX): Linear Features n = 10   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.4267 0 0.5000 
1.5x 0.2439 0 0.2000 
2x 0.2949 0 0.1000 
3x 0.2913 0 0.1000 
4x 0.4107 0 0.1000 
    
(TX): Hinge Features n = 10   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.4081 0 0.5000 
1.5x 0.4244 0 0.2000 
2x 0.3657 0 0.1000 
3x 0.3804 0 0.1000 
4x 0.4627 0 0.1000 
Appendix D: Continued 
Threshold-Dependent Assessments    
(OK): Linear Features n = 6   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.5474 0 0.6667 
1.5x 0.5418 0 0.5000 
2x 0.4182 0 0.5000 
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3x 0.4911 0 0.6667 
4x 0.5692 0 0.6667 
    
(OK): Hinge Features n = 6   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.5753 0 0.6667 
1.5x 0.5497 0 0.5000 
2x 0.3814 0 0.5000 
3x 0.5355 0 0.5000 
4x 0.6076 0 0.6667 
 
Threshold-Dependent Assessments    
(AR/N.LA):  Linear Features n = 4   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.8528 0 1 
1.5x 0.6885 0 0.7500 
2x 0.5011 0 1 
3x 0.5697 0 0.7500 
4x 0.5947 0 0.500 
    
(AR/N.LA):  Hinge Features n = 4   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.8741 0 1 
1.5x 0.6713 0 0.75 
2x 0.4933 0 0.5000 
3x 0.5650 0 0 
4x 0.5901 0 0 
Appendix D: Continued 
Threshold-Dependent Assessments    
(LA):  Linear Features n = 4*   
Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.6311 0 0.7500 
1.5x 0.6790 0 0.5000 
2x 0.6679 0 0.2500 
3x 0.7287 0 0.2500 
4x 0.7343 0 0.2500 
    
(LA):  Hinge Features n = 4*   
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Regularization 10% Log threshold 10% Training Omission 10% Test Omission 
1x 0.7408 0 0.7500 
1.5x 0.8099 0 0.7500 
2x 0.6967 0 0.5000 
3x 0.7105 0 0 
4x 0.7445 0 0 
*One pairwise occurrence did not meet the minimum Euclidean distance threshold of 5 kilometers, 
subjecting the dataset to potential sampling bias.    
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Appendix E 
Threshold-independent Assessments 
AUC-difference values are considered arbitrary, but they are useful as indicators of overfitting.  
Minimizing the values decreases overfitting.   
AUC-evaluation values are arbitrary but useful in quantifying model’s discriminative ability for habitat 
suitability.   
NOTE: The omission rates must have an acceptable value before taking these values into consideration.   
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Appendix E: Continued 
Threshold-Independent Assessments    
Full Extent: Linear Features n = 23   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9886 0.8412 0.1474 
1.5x 0.9777 0.8469 0.1308 
2x 0.9627 0.8470 0.1157 
3x 0.9209 0.8476 0.0733 
4x 0.8970 0.8517 0.0453 
    
Full Extent: Hinge Features n = 23   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9923 0.8518 0.1405 
1.5x 0.9798 0.8511 0.1287 
2x 0.9657 0.8477 0.118 
3x 0.9244 0.8440 0.0804 
4x 0.8915 0.8570 0.0345 
 
Threshold-Independent Assessments    
(TX/OK): Linear Features n = 16   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9958 0.9474 0.0484 
1.5x 0.9934 0.9457 0.0477 
2x 0.9881 0.9337 0.0544 
3x 0.9561 0.9340 0.0221 
4x 0.9503 0.9342 0.0161 
    
(TX/OK): Hinge Features n = 16   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9964 0.9376 0.0588 
1.5x 0.9936 0.9327 0.0609 
2x 0.9881 0.9278 0.0603 
3x 0.9550 0.9166 0.0384 
4x 0.9468 0.8940 0.0528 
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Appendix E: Continued 
Threshold-Independent Assessments    
(AR/LA): Linear Features n = 7   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9801 0.7007 0.2794 
1.5x 0.9304 0.6402 0.2902 
2x 0.8377 0.6990 0.1387 
3x 0.7634 0.7544 0.0090 
4x 0.7707 0.7504 0.0203 
    
(AR/LA): Hinge Features n = 7   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9863 0.7243 0.262 
1.5x 0.9370 0.7525 0.1845 
2x 0.8421 0.6949 0.1472 
3x 0.7233 0.7175 0.0058 
4x 0.7264 0.7200 0.0064 
 
Threshold-Independent Assessments    
(TX): Linear Features n = 10   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9971 0.9834 0.0137 
1.5x 0.9936 0.9806 0.0130 
2x 0.9926 0.9872 0.0054 
3x 0.9842 0.9768 0.0074 
4x 0.9867 0.9790 0.0077 
    
(TX): Hinge Features n = 10   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9979 0.9887 0.0092 
1.5x 0.9968 0.9885 0.0083 
2x 0.9956 0.9910 0.0046 
3x 0.9901 0.9734 0.0167 
4x 0.9923 0.9848 0.0075 
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Appendix E: Continued 
Threshold-Independent Assessments    
(OK): Linear Features n = 6   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.999 0.8962 0.1028 
1.5x 0.9975 0.8935 0.1040 
2x 0.9906 0.8723 0.1183 
3x 0.9763 0.8287 0.1476 
4x 0.9722 0.794 0.1782 
    
(OK): Hinge Features n = 6   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9991 0.9461 0.053 
1.5x 0.9978 0.9012 0.0966 
2x 0.9821 0.9053 0.0768 
3x 0.9785 0.8438 0.1347 
4x 0.9772 0.8386 0.1386 
 
Threshold-Independent Assessments    
(AR/N.LA):  Linear Features n = 4   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9988 0.7143 0.2845 
1.5x 0.9924 0.769 0.2234 
2x 0.9518 0.6715 0.2803 
3x 0.9064 0.7245 0.1819 
4x 0.8603 0.7691 0.0912 
    
(AR/N.LA):  Hinge Features n = 4   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9989 0.7826 0.2163 
1.5x 0.9915 0.8004 0.1911 
2x 0.9158 0.7424 0.1734 
3x 0.8777 0.8177 0.0600 
4x 0.8203 0.8203 0 
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Appendix E: Continued 
Threshold-Independent Assessments    
(LA):  Linear Features n = 4*   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9997 0.999 0.0007 
1.5x 0.9996 0.9991 0.0005 
2x 0.9994 0.999 0.0004 
3x 0.9993 0.9993 0 
4x 0.9991 0.9991 0 
    
(LA):  Hinge Features n = 4*   
Regularization AUC(cal) AUC(eval) AUC(diff) 
1x 0.9997 0.999 0.0007 
1.5x 0.9997 0.9989 0.0008 
2x 0.9996 0.9984 0.0012 
3x 0.9961 0.9941 0.0020 
4x 0.9942 0.9942 0 
*One pairwise occurrence did not meet the minimum Euclidean distance threshold of 5 kilometers, 
subjecting the dataset to potential sampling bias.   
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Appendix F 
Jackknife Test of Variable Importance 
Test Gain Graphs 
The following seven graphs were chosen from each spatial extent with the best overall performance, even 
if the models did not meet criteria from the quantitative and qualitative assessments.  
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Appendix F: Continued 
Full Extent ENM 
Linear Features, 3x regularization multiplier 
 
Top four variables: Soils, River Basin, Stream Order, Annual Velocity 
Variable that decreases AUC most when omitted: River Basin 
Least contributing variable: Precipitation of the Wettest Month 
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Appendix F: Continued 
TX/OK ENM 
Linear Features, 3x regularization multiplier 
 
Top four variables: Soils, Stream Order, River Basin, Geology 
Variable that decreases AUC most when omitted: Soils 
Least contributing variable: Annual Velocity 
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Appendix F: Continued 
AR/LA ENM 
Linear Features, 3x regularization multiplier 
 
Top four variables: Stream Order, River Basin, Geology, Mean Temperature of the Driest Quarter 
Variable that decreases AUC when omitted: Stream Order 
Least contributing variable: Isothermality  
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Appendix F: Continued 
TX ENM 
Linear Features, 2x regularization multiplier 
 
Top four variables: Soils, River Basin, Mean Temperature of the Driest Quarter, Geology   
Variable that decreases AUC when omitted: River Basin 
Least contributing variable: Land Cover 
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Appendix F: Continued 
OK ENM 
Hinge Features, 1.5x regularization multiplier 
 
Top four variables: Soils, Stream Order, Geology, Mean Temperature of the Driest Quarter 
Variable that decreases AUC when omitted: Soils 
Least contributing variable: Annual Velocity 
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Appendix F: Continued 
AR/N.LA ENM  
Hinge Features, 3x regularization multiplier 
 
Top Variable: River Basin 
Variable that decreases AUC when omitted: River Basin 
Least contributing variable: Soils 
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Appendix F: Continued 
LA ENM 
Linear Features, 2x regularization multiplier 
 
Top 4 variables: Annual Flow, Stream Order, Geology, Annual Velocity 
Variable that decreases AUC when omitted: Geology 
Least contributing variable: Soils  
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Appendix G 
Best Performing Ecological Niche Models and Response Curves of the Seven Extents 
Only three extents qualified as optimal models under the proposed criteria: Full Extent, TX/OK, and TX. 
The Other four extents failed the quantitative and/or qualitative assessments: AR/LA, OK, LA, AR/N.LA.  
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Appendix G: Continued 
Best performance settings for (Full Extent): Linear Features at 3x regularization multiplier. 
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Appendix G: Continued 
Best performance settings for (TX/OK): Linear Features at 3x regularization multiplier. 
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Appendix G: Continued 
Best performance settings for (AR/LA): Linear Features at 3x regularization multiplier. 
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Appendix G: Continued 
Best performance settings for (TX): Linear Features at 2x regularization multiplier. 
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Appendix G: Continued 
Best performance settings for (OK): Hinge Features at 1.5x regularization multiplier. 
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Appendix G: Continued 
Best performance settings for (AR/N.LA): Hinge Features at 3x regularization multiplier. 
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Appendix G: Continued 
Best performance settings for (LA): Linear Features at 2x regularization multiplier 
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Appendix G: Continued 
Full Extent (Linear, 3x regularization multiplier) 
Marginal Response Curves 
 
Single Variable Response Curves 
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Appendix G: Continued 
TX/OK (Linear, 3x regularization multiplier) 
Marginal Response Curves 
 
Single Variable Response Curves 
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Appendix G: Continued 
AR/LA (Linear, 2x regularization multiplier) 
Marginal Response Curves 
 
Single Variable Response Curves 
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Appendix G: Continued 
TX (Linear, 2x regularization multiplier)   
Marginal Response Curves 
 
Single Variable Response Curves 
 
  
123 
 
Appendix G: Continued 
OK (Hinge, 1.5x regularization multiplier) 
Marginal Response Curves 
 
Single Variable Response Curves 
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Appendix G: Continued 
AR/N.LA (Hinge, 3x regularization multiplier) 
Marginal Response Curves 
 
Single Variable Response Curves 
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Appendix G: Continued 
LA (Linear, 2x regularization multiplier) 
Marginal Response Curves 
 
Single Variable Response Curves 
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Appendix H 
Categorical Layer Attribute Tables 
The following attribute tables may be used to interpret the response curve numbers from each categorical 
layer. 
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Appendix H: Continued 
River Basin 
VALUE ACC HUC_NAME 
1 080204 Bayou Meto/Lower Arkansas 
2 111102 Lower Arkansas-Maumelle 
3 080402 Bayou Bartholomew/Bayou D'arbonne/Lower Ouachita/Saline 
4 080401 Upper Ouachita-Headwaters/Little Missouri 
5 111401 Kiamichi/Mountain Fork/Upper and Lower Little/Pecan-Waterhole 
6 080500 Bayou Macon/Boeuf 
7 111402 Mckinney-Posten Bayous/Bodcau Bayou/Loggy Bayou/Red Chute/Middle 
Red-Coushatta/Black Lake Bayou/Saline Bayou/Bayou Pierre/Lower Red-
Lake Iatt 
8 111403 Lower Sulfur/White Oak Bayou/Lake O'the Pines/Little Cypres/Caddo 
Lake/Cross Bayou 
9 120100 Lake Fork/Middle and Lower Sabine/Toledo Bend Reservoir 
10 080403 Castor/Dugdemona/Little/Lower Red 
11 080802 Mermentau/West Fork, Upper, Lower, and Calcasieu/Whisky Chitto 
12 080801 Atchafalaya/Bayou Teche/Vermillion 
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Appendix H: Continued 
Strahler Stream Order 
Value Stream_Order 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 10 
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Appendix H: Continued 
Geology 
VALUE ROCKTYPE1 
1 sand 
3 clay or mud 
4 sandstone 
5 shale 
6 water 
7 terrace 
8 mixed clastic/carbonate 
9 fine-grained mixed clastic 
10 mudstone 
11 limestone 
12 silt 
22 conglomerate 
23 siltstone 
24 indeterminate 
36 chert 
38 novaculite 
40 alluvium 
42 carbonate 
43 alluvial terrace 
47 alkalic intrusive rock 
48 volcanic rock (aphanitic) 
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Appendix H: Continued 
ESRI Land Cover 
Value ECOLOGICAL_SYSTEM 
1 Pasture/Hay 
2 Ozark-Ouachita Dry-Mesic Oak Forest 
3 Ozark-Ouachita Shortleaf Pine-Oak Forest and Woodland 
4 Cultivated Cropland 
5 Harvested Forest - Grass/Forb Regeneration 
6 Ozark-Ouachita Dry Oak Woodland 
7 Developed, Open Space 
8 Developed, Low Intensity 
9 Crosstimbers Oak Forest and Woodland 
10 Central Interior Highlands Calcareous Glade and Barrens 
11 Disturbed, Non-specific 
12 Central Interior and Appalachian Floodplain Systems 
13 Ozark-Ouachita Mesic Hardwood Forest 
14 Managed Tree Plantation 
15 Developed, Medium Intensity 
16 Open Water (Fresh) 
17 Gulf and Atlantic Coastal Plain Swamp Systems 
18 Central Interior and Appalachian Riparian Systems 
19 West Gulf Coastal Plain Small Stream and River Forest 
20 Lower Mississippi River Dune Woodland and Forest 
21 West Gulf Coastal Plain Mesic Hardwood Forest 
22 Lower Mississippi River Flatwoods 
23 South-Central Interior Large Floodplain 
24 Mississippi River Floodplain and Riparian Forest 
25 West Gulf Coastal Plain Pine-Hardwood Forest 
26 West Gulf Coastal Plain Pine-Hardwood Flatwoods 
27 Developed, High Intensity 
28 Ozark-Ouachita Riparian 
29 West Gulf Coastal Plain Nonriverine Wet Hardwood Flatwoods 
30 Ruderal forest 
31 Ozark-Ouachita Shortleaf Pine-Bluestem Woodland 
32 Ouachita Montane Oak Forest 
33 Recently burned grassland 
34 West Gulf Coastal Plain Southern Calcareous Prairie 
35 West Gulf Coastal Plain Northern Calcareous Prairie 
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36 East-Central Texas Plains Post Oak Savanna and Woodland 
37 West Gulf Coastal Plain Upland Longleaf Pine Forest and Woodland 
38 West Gulf Coastal Plain Large River Floodplain Forest 
39 West Gulf Coastal Plain Nepheline Syenite Glade 
40 West Gulf Coastal Plain Sandhill Oak and Shortleaf Pine Forest and Woodland 
41 West Gulf Coastal Plain Wet Longleaf Pine Savanna and Flatwoods 
42 Southeastern Great Plains Tallgrass Prairie 
43 Modified/Managed Southern Tall Grassland 
44 Western Great Plains Floodplain Systems 
45 Edwards Plateau Limestone Savanna and Woodland 
46 West Gulf Coastal Plain Seepage Swamp and Baygall 
47 Mississippi River Riparian Forest 
48 Mississippi River Low Floodplain (Bottomland) Forest 
49 Disturbed/Successional - Shrub Regeneration 
50 Red River Large Floodplain Forest 
51 Mississippi River Bottomland Depression 
52 West Gulf Coastal Plain Catahoula Barrens 
53 Gulf and Atlantic Coastal Plain Tidal Marsh Systems 
54 Introduced Riparian and Wetland Vegetation 
55 Texas-Louisiana Coastal Prairie 
56 Texas Saline Coastal Prairie 
57 West Gulf Coastal Plain Near-Coast Large River Swamp 
58 West Gulf Coastal Plain Chenier and Upper Texas Coastal Fringe Forest and Woodland 
59 Mississippi Delta Maritime Forest 
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Appendix H: Continued 
Soils (gSSURGO) 
Value muname (soil description) 
1 Crockett loam, 1 to 3 percent slopes 
2 Wilson silty loam, 0 to 2 percent slopes 
3 Water 
4 Houston Black clay, 0 to 1 percent slopes 
5 Annona loam, 1 to 4 percent slopes 
6 Guyton silt loam, 0 to 1 percent slopes, frequently flooded 
7 Ferris clay, 5 to 12 percent slopes, eroded 
8 Heiden-Ferris complex, 3 to 5 percent slopes 
9 Austin silty clay, 1 to 3 percent slopes 
10 Mabank-Crockett complex, 0 to 1 percent slopes 
11 Benklin silt loam, 0 to 1 percent slopes 
12 Houston Black clay, 1 to 3 percent slopes 
13 Miscellaneous, water 
14 Freestone-Hicota complex, 0 to 3 percent slopes 
15 Normangee clay loam, 2 to 6 percent slopes, eroded 
16 Derly-Raino complex, 0 to 1 percent slopes 
17 Severn very fine loam, 0 to 2 percent slopes 
18 Burleson clay, 0 to 1 percent slopes 
19 Lassiter silt loam, 0 to 1 percent slopes, frequently flooded 
20 Leson clay, 1 to 3 percent slopes 
21 Bernaldo fine sandy loam, 1 to 3 percent slopes 
22 Deport clay, 1 to 3 percent slopes 
23 Heiden clay, 2 to 5 percent slopes 
24 Derly silt loam, 0 to 1 percent slopes 
25 Whakana fine sandy loam, 1 to 5 percent slopes 
26 Deport clay, 0 to 1 percent slopes 
27 Trinity clay, 0 to 1 percent slopes, occasionally flooded 
28 Woodtell loam, 5 to 12 percent slopes 
29 Trinity clay, 0 to 1 percent slopes, frequently flooded 
30 Stephen-Eddy complex, 2 to 5 percent slopes 
31 Kaufman clay, 0 to 1 percent slopes, occasionally flooded 
32 Ambia clay loam, 0 to 1 percent slopes, frequently flooded 
33 Normangee clay loam, 1 to 3 percent slopes 
34 Elbon silty clay loam, 0 to 1 percent slopes, frequently flooded 
35 Varro clay loam, 0 to 1 percent slopes, frequently flooded 
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36 Stephen silty clay, 1 to 3 percent slopes 
37 Whakana-Porum complex, 8 to 20 percent slopes 
38 Parisian silt loam, 1 to 3 percent slopes 
39 Annona-Urban land complex, 1 to 4 percent slopes 
40 Elbon silty clay loam, 0 to 1 percent slopes, occasionally flooded 
41 Kaufman clay, 0 to 1 percent slopes, frequently flooded 
42 Lamar clay loam, 5 to 8 percent slopes 
43 Whakana fine sandy loam, 5 to 12 percent slopes 
44 Dams 
45 Ferris clay, 3 to 8 percent slopes eroded 
46 Woodtell fine sandy loam, 1 to 5 percent slopes 
47 Ashford silty clay 
48 Kaufman clay, frequently flooded 
49 Kullit-Addielou complex, 1 to 3 percent slopes 
50 Wrightsville-Rodessa complex 
51 Wkakana-Elysian complex, 0 to 1 percent slopes 
52 Gladewater clay, frequently flooded 
53 McKamie loam, 1 to 5 percent slopes 
54 Rosalie loamy fine sand, 2 to 5 percent slopes 
55 Vesey fine sandy loam, 3 to 8 percent slopes 
56 Thenas fine sandy loam, frequently flooded 
57 Bernaldo-Elysian complex, 1 to 3 percent slopes 
58 Annona-Freestone complex, 1 to 3 percent slopes 
59 Woodtell fine sandy loam, 5 to 12 percent slopes 
60 Mabank fine sandy loam, 0 to 1 percent slopes 
61 Muldrow silty clay loam 
62 Waskom loam 
63 Oklared fine sandy loam 
64 Freestone-Addielou complex, 0 to 1 percent slopes 
65 Desha clay, 0 to 1 percent slopes 
66 Bryarly clay loam, 1 to 5 percent slopes 
67 Ellis clay, 3 to 5 percent slopes 
68 Burleson clay, 1 to 3 percent slopes 
69 Cuthand loam, 4 to 8 percent slopes eroded 
70 Whakana loam, 3 to 8 percent slopes 
71 McKamie loam, 5 to 12 percent slopes 
72 Nahatche soils, frequently flooded 
73 Oklared silty clay loam 
74 Kenney loamy fine sand, 2 to 8 percent slopes 
75 Varro clay loam 
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76 Redlake soils 
77 Kaufman clay 
78 Roebuck clay, calcareous variant 
79 Vesey fine sandy loam, 8 to 20 percent slopes 
80 Trinity clay 
81 Pits, gravel 
82 Redlake clay 
83 Kiomatia loamy fine sand, frequently flooded 
84 Trinity clay, frequently flooded 
85 Muldrow-Elysian complex 
86 Karma loam, 0 to 2 percent slopes 
87 Levee 
88 Desha clay, 1 to 3 percent slopes 
89 Morse clay, 3 to 8 percent slopes, eroded 
90 Gladewater clay 
91 Sawyer silt loam, 0 to 3 percent slopes 
92 Adaton-Muskogee complex 
93 Ruston fine sandy loam, 1 to 3 percent slopes 
94 Blevins silt loam, 1 to 3 percent slopes 
95 Sardis silt loam, frequently flooded 
96 Woodtell very fine sandy loam, 5 to 12 percent slopes 
97 Darden loamy fine sand, 8 to 12 percent slopes 
98 Eylau very fine sandy loam, 0 to 3 percent slopes 
99 Amy silt loam, frequently flooded 
100 Alusa loam 
101 Ruston fine sandy loam, 3 to 8 percent slopes 
102 Annona loam, 1 to 3 percent slopes 
103 Eylau-Urban land complex, 0 to 3 percent slopes 
104 Woodtell very fine sandy loam, 3 to 5 percent slopes 
105 Ruston loamy fine sand, 2 to 5 percent slopes 
106 Ashford clay 
107 Sacul fine sandy loam, 3 to 8 percent slopes 
108 Smithdale fine sandy loam, 8 to 12 percent slopes 
109 Saffell gravelly sandy loam, 3 to 8 percent slopes 
110 Woodtell gravelly sandy loam, 3 to 8 percent slopes 
111 Vesey fine sandy loam, 1 to 3 percent slopes 
112 Severn very fine sandy loam 
113 Darden loamy fine sand, 1 to 8 percent slopes 
114 Perry clay, occasionally flooded 
115 Dardanelle loam, 0 to 1 percent slopes 
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116 Sacul fine sandy loam, 8 to 12 percent slopes 
117 Severn silty clay loam 
118 Udorthents, Loamy, and Clayey 
119 Sawyer-Urban land complex, 0 to 3 percent slopes 
120 Sacul-Urban land complex, 3 to 8 percent slopes 
121 Ruston-Urban land complex, 1 to 5 percent slopes 
122 Billyhaw clay, 0 to 1 percent slopes 
123 Roebuck clay, frequently flooded 
124 Texark clay, frequently flooded 
125 Muldrow clay loam 
126 Billyhaw clay, 1 to 5 percent slopes 
127 Miscellaneous water 
128 Saffell-Urban land complex, 3 to 8 percent slopes 
129 Ferris clay, 5 to 12 percent slopes 
130 Landfill 
131 Crockett loam, 2 to 5 percent slopes, eroded 
132 Axtell loam, 1 to 5 percent slopes 
133 Nahatche loam, frequently flooded 
134 Rader fine sandy loam, 1 to 3 percent slopes 
135 Bazette clay loam, 5 to 12 percent slopes 
136 Wilson silt loam, 0 to 1 percent slopes 
137 Axtell loam, 5 to 12 percent slopes 
138 Ferris-Heiden complex, 2 to 5 percent slopes, eroded 
139 Hopco silt loam, frequently flooded 
140 Lufkin-Rader complex 
141 Leson clay, 3 to 5 percent slopes 
142 Nahatche loam silty clay loam, frequently flooded 
143 Kirvin very fine sandy loam, 3 to 8 percent slopes 
144 Darco loamy fine sand, 2 to 5 percent slopes 
145 Lilbert loamy fine sand, 2 to 5 percent slopes 
146 Bowie fine sandy loam, 2 to 5 percent slopes 
147 Kirvin gravelly fine sandy loam, 3 to 8 percent slopes 
148 Bienville loamy fine sand, 0 to 3 percent slopes 
149 Kirvin-Urban land complex, 2 to 8 percent slopes 
150 Freestone fine sandy loam, 1 to 3 percent slopes 
151 Kullit very fine sandy loam, 1 to 3 percent slopes 
152 Normangee gravelly clay loam, 3 to 8 percent slopes, eroded 
153 Woodtell fine sandy loam, 5 to 20 percent slopes 
154 Hopco silty clay loam, occasionally flooded 
155 Woodtell-Raino complex, 1 to 3 percent slopes 
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156 Crockett silt loam, 0 to 1 percent slopes 
157 Woodtell fine sandy loam, 2 to 5 percent slopes 
158 Talco-Raino complex, 0 to 1 percent slopes 
159 Briley loamy fine sand, 2 to 5 percent slopes 
160 Cuthbert fine sandy loam, 8 to 25 percent slopes 
161 Wolfpen loamy fine sand, 2 to 5 percent slopes 
162 Iuka fine sandy loam, frequently flooded 
163 Woodtell-Urban land complex, 2 to 8 percent slopes 
164 Freestone-Urban land complex, 1 to 3 percent slopes 
165 Pickton fine sand, 8 to 15 percent slopes 
166 Pickton fine sand, 2 to 5 percent slopes 
167 Kirvin soils, graded, 2 to 8 percent slopes 
168 Duffern fine sand, 2 to 5 percent slopes 
169 Pickton-Urban land complex, 2 to 5 percent slopes 
170 Tenaha loamy fine sand, 8 to 20 percent slopes 
171 Sacul fine sandy loam, 2 to 5 percent slopes 
172 Sacul fine sandy loam, 5 to 15 percent slopes 
173 Ashford clay, 0 to 1 percent slopes 
174 Crockett silt loam, 2 to 5 percent slopes, severely eroded 
175 Crockett silt loam, 1 to 3 percent slopes 
176 Bowie-Urban land complex, 2 to 5 percent slopes 
177 Ellis clay, 5 to 12 percent slopes, severely eroded 
178 Besner-Talco complex, 0 to 2 percent slopes 
179 Elrose gravelly fine sandy loam, 3 to 8 percent slopes 
180 Cuthbert and Redsprings soils, 15 to 40 percent slopes 
181 Bazette silty clay loam, 5 to 15 percent slopes 
182 Bernaldo-Urban land complex, 1 to 3 percent slopes 
183 Grayrock silty clay loam, 5 to 12 percent slopes 
184 Udorthents, loamy and clayey 
185 Oil-waste land 
186 Duffern fine sand, 8 to 15 percent slopes 
187 Grayrock silty clay loam, 2 to 5 percent slopes 
188 Wolfpen-Urban land complex, 2 to 5 percent slopes 
189 Estes clay loam, frequently flooded 
190 Udorthents, gravelly 
191 Varro clay loam, frequently flooded 
192 Kullit-Urban land complex, 1 to 3 percent slopes 
193 Lufkin-Raino complex 
194 Wolfpen loamy fine sand, 1 to 5 percent slopes 
195 Woodtell loam, 2 to 5 percent slopes 
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196 Crockett loam, 2 to 5 percent slops, eroded 
197 Nahatche soils 
198 Annona-Raino complex 
199 Wilson clay loam, 0 to 2 percent slopes 
200 Crockett loam, 0 to 1 percent slopes 
201 Woodtell stony loam, 1 to 5 percent slopes 
202 Crockett loam, 3 to 5 percent slopes 
203 Pickton loamy fine sand, 1 to 5 percent slopes 
204 Kirvin soils, 3 to 8 percent slopes 
205 Bazette clay loam, 3 to 5 percent slopes 
206 Ellis clay, 5 to 12 percent slopes 
207 Duffern fine sand, 1 to 5 percent slopes 
208 Kirvin gravelly fine sandy loam, 2 to 5 percent slopes 
209 Darco loamy fine sand, 8 to 15 percent slopes 
210 Mooreville-Mantachie complex, frequently flooded 
211 Gallime fine sandy loam, 1 to 5 percent slopes 
212 Sailes fine sandy loam, 1 to 5 percent slopes 
213 Kirvin very fine sandy loam, 2 to 5 percent slopes 
214 Cuthbert gravelly fine sandy loam, 5 to 15 percent slopes 
215 Gallime-Guyton complex, 0 to 2 percent slopes 
216 Latch-Mollville,  frequently ponded complex, 0 to 1 percent slopes 
217 Kullit very fine sandy loam, 0 to 2 percent slopes 
218 Latex fine sandy loam, 1 to 3 percent slopes 
219 Cypress clay loam, submerged 
220 Mollville loam, 0 to 1 percent slopes 
221 Iulus fine sandy loam, frequently flooded 
222 Hainesville fine sand, 0 to 2 percent slopes 
223 Cuthbert fine sandy loam, 5 to 15 percent slopes 
224 Tenaha loamy fine sand, 5 to 15 percent slopes 
225 Cuthbert and Redsprings soils, 15 to 40 percent slopes, stony 
226 Tenaha loamy fine sand, 1 to 5 percent slopes 
227 Mantachie loam, frequently flooded 
228 Bibb fine sandy loam, frequently flooded 
229 Wrightsville silt loam, 0 to 1 percent slopes, ponded 
230 Rentzel loamy fine sand, 0 to 3 percent slopes 
231 Metcalf silt loam, 0 to 2 percent slopes 
232 Latch loamy fine sand, 0 to 2 percent slopes 
233 Erno-Thage complex, 0 to 2 percent slopes 
234 Redsprings gravelly fine sandy loam, 2 to 5 percent slopes 
235 Sardis-Manco complex, frequently flooded 
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236 Elrose fine sandy loam, 2 to 5 percent slopes 
237 Eastwood very fine sandy loam, 1 to 5 percent slopes 
238 Metcalf-Timpson complex, 0 to 2 percent slopes 
239 Alazan fine sandy loam, 0 to 2 percent slopes 
240 Socagee silty clay loam, 0 to 1 percent slopes, frequently flooded ] 
241 Bernaldo fine sandy loam, 3 to 8 percent slopes 
242 Cuthbert and Redsprings soils, 5 to 15 percent slopes 
243 Eastwood very fine sandy loam, 5 to 15 percent slopes 
244 Eylau very fine sandy loam, 0 to 2 percent slopes 
245 Hannahatchee fine sandy loam, occasionally flooded 
246 Sacul very fine sandy loam, 1 to 5 percent slopes 
247 Eastwood very fine sandy loam, 5 to 20 percent slopes 
248 Mollville-Kildare complex, 0 to 1 percent slopes 
249 Ashford clay, 0 to 1 percent slopes, ponded 
250 Spillway 
251 Woodtell loam, 5 to 15 percent slopes 
252 Pickton loamy fine sand, 2 to 5 percent slopes 
253 Sacul very fine sandy loam, 1 to 3 percent slopes 
254 Bowie fine sandy loam, 1 to 5 percent slopes 
255 Gallime fine sandy loam, 1 to 3 percent slopes 
256 Duffern sand, 1 to 5 percent slopes 
257 Darco fine sand, 8 to 15 percent slopes 
258 Darco fine sand, 2 to 5 percent slopes 
259 Kirvin soils, graded, 3 to 8 percent slopes 
260 Oakwood very fine sandy loam, 1 to 5 percent slopes 
261 Leagueville loamy fine sand, 0 to 3 percent slopes 
262 Cuthbert gravelly fine sandy loam, 8 to 25 percent slopes 
263 Bernaldo fine sandy loam, 5 to 8 percent slopes 
264 Manco loam, frequently flooded 
265 Redsprings very gravelly fine sandy loam, 2 to 5 percent slopes 
266 Oil wasteland 
267 Redsprings very gravelly fine sandy loam, 8 to 25 percent slopes 
268 Pickton loamy fine sand, 8 to 15 percent slopes 
269 Hainesville loamy fine sand, 0 to 2 percent slopes 
270 Wolfpen loamy fine sand, 5 to 15 percent slopes 
271 Attoyac fine sandy loam, 1 to 3 percent slopes 
272 Redsprings soils, graded, 3 to 8 percent slopes 
273 Estes silty clay, frequently flooded 
274 Estes clay, frequently flooded 
275 Sacul fine sandy loam, 5 to 12 percent slopes 
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276 Sacul-Urban land complex, 2 to 8 percent slopes 
277 Kirvin-Urban land complex, 2 to 5 percent slopes 
278 Ruston fine sandy loam, 3 to 5 percent slopes 
279 Wrightsville-Raino complex, 0 to 1 percent slopes 
280 Trep loamy fine sand, 1 to 8 percent slopes 
281 Lilbert-Urban land complex, 2 to 5 percent slopes 
282 Cuthbert-Urban land complex, 8 to 25 percent slopes 
283 Mollville very fine sandy loam, 0 to 1 percent slopes 
284 Warnock loamy fine sand, 8 to 15 percent slopes 
285 Bowie very fine sandy loam, 2 to 5 percent slopes 
286 Metcalf-Cart complex, 0 to 2 percent slopes 
287 Scottsville-Latex-Eastwood complex, 0 to 2 percent slopes 
288 Erno-Cart complex, 0 to 2 percent slopes 
289 Guyton-Cart complex, 0 to 1 percent slopes 
290 Bienville loamy fine sand, 1 to 3 percent slopes 
291 Darden fine sand, 5 to 15 percent slopes 
292 Catuna-Scottsville complex, 0 to 1 percent slopes 
293 Wolfpen loamy fine sand, 8 to 15 percent slopes 
294 Sawyer very fine sandy loam, 0 to 2 percent slopes 
295 Meth fine sandy loam, 1 to 3 percent slopes 
296 Darbonne fine sandy loam, 3 to 5 percent slopes 
297 Bonn-Cart complex, 0 to 1 percent slopes 
298 Sardis-Mathiston complex, frequently flooded 
299 Elrose fine sandy loam, 1 to 3 percent slopes 
300 Pits and dumps 
301 Keatchie fine sandy loam, 1 to 3 percent slopes 
302 Bibb silt loam, frequently flooded 
303 Cuthbert gravelly fine sandy loam, 15 to 35 percent slopes 
304 Keithville very fine sandy loam, 1 to 5 percent slopes 
305 Estes clay, occasionally flooded 
306 Marklake fine sandy loam, 3 to 5 percent slopes 
307 Darden fine sand, 1 to 5 percent slopes 
308 Nugent loam, frequently flooded 
309 Marklake fine sandy loam, 1 to 3 percent slopes 
310 Pirkey very fine sandy loam, 3 to 5 percent slopes 
311 Pirkey very fine sandy loam, 1 to 3 percent slopes 
312 Urban land 
313 Marklake sandy clay loam, 12 to 20 percent slopes 
314 Scottsville very fine sandy loam, 0 to 2 percent slopes 
315 Pirkey very fine sandy loam, 8 to 12 percent slopes 
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316 Maben very fine sandy loam, 20 to 40 percent slopes 
317 Oakwood fine sandy loam, 5 to 8 percent slopes 
318 Redsprings very gravelly sandy loam, 2 to 5 percent slopes 
319 Lilbert loamy fine sand, 1 to 6 percent slopes 
320 Cuthbert fine sandy loam, 5 to 20 percent slopes 
321 Briley loamy fine sand, 1 to 5 percent slopes 
322 Leagueville loamy fine sand, 0 to 5 percent slopes 
323 Owentown loamy fine sand, occasionally flooded 
324 Oakwood fine sandy loam, 1 to 5 percent slopes 
325 Bowie fine sandy loam, 5 to 8 percent slopes 
326 Wolfpen loamy fine sand, 1 to 6 percent slopes 
327 Pickton loamy fine sand, 1 to 6 percent slopes 
328 Cuthbert gravelly fine sandy loam, 12 to 30 percent slo pes 
329 Kirvin gravelly fine sandy loam, 2 to 8 percent slopes 
330 Elrose fine sandy loam, 3 to 8 percent slopes 
331 Kirvin very fine sandy loam, 1 to 5 percent slopes 
332 Cuthbert and Redsprings soils, graded, 3 to 8 percent slopes 
333 Estes silty clay loam, frequently flooded 
334 Raino fine sandy loam, 0 to 2 percent slopes 
335 Darco loamy fine sand, 1 to 6 percent slopes 
336 Redsprings very gravelly sandy loam, 8 to 25 percent sl opes 
337 Sacul very fine sandy loam, 5 to 15 percent slopes 
338 Tonkawa fine sand, 1 to 6 percent slopes 
339 Derly-Besner complex, 0 to 1 percent slopes 
340 Kullit fine sandy loam, 1 to 3 percent slopes 
341 Pickton-Urban land complex, 1 to 6 percent slopes 
342 Keechi loam, frequently flooded 
343 Pits 
344 Tonkawa fine sand, 8 to 15 percent slopes 
345 Wolfpen-Urban land complex, 1 to 6 percent slopes 
346 Alto loam, 1 to 3 percent slopes 
347 Oakwood-Urban land complex, 2 to 6 percent slopes 
348 Cuthbert-Urban land complex, 5 to 20 percent slopes 
349 Kirvin complex, 1 to 8 percent slopes 
350 Water (greater than 40 acres in size) 
351 Sacul fine sandy loam, 1 to 5 percent slopes 
352 Bowie fine sandy loam, 1 to 8 percent slopes 
353 Darco loamy fine sand, 1 to 8 percent slopes 
354 Lilbert loamy fine sand, 1 to 8 percent slopes 
355 Cart-Erno complex 
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356 Bienville loamy fine sand, 1 to 5 percent slopes 
357 Iuka fine sandy loam 
358 Kirvin fine sandy loam, 1 to 8 percent slopes 
359 Tenaha loamy fine sand, 5 to 20 percent slopes 
360 Marietta fine sandy loam 
361 Sacul fine sandy loam, 5 to 20 percent slopes 
362 Nahatche complex 
363 Elrose fine sandy loam, 1 to 8 percent slopes 
364 Thage loam 
365 Wrightsville-Cart complex 
366 Mantachie clay loam 
367 Wrightsville loam 
368 Bonn-Cart complex 
369 Tonkawa fine sand, 1 to 8 percent slopes 
370 Darco loamy fine sand, 8 to 20 percent slopes 
371 Pits, sand 
372 Wrightsville-Timpson complex, 0 to 1 percent slopes 
373 Estes-Mantachie association 
374 Pits, borrow 
375 Woodtell loam, 1 to 3 percent slopes 
376 Gallime-Alazan complex, 0 to 2 percent slopes 
377 Meth fine sandy loam, 2 to 5 percent slopes 
378 Bowie very fine sandy loam, 1 to 4 percent slopes 
379 Sacul fine sandy loam, 1 to 3 percent slopes 
380 Kirvin fine sandy loam, 2 to 5 percent slopes 
381 Sawlit loam, 0 to 2 percent slopes 
382 Rentzel loamy fine sand, 0 to 4 percent slopes 
383 Laneville loam, occasionally flooded 
384 Sawlit-Sawtown complex, 0 to 2 percent slopes 
385 Kirvin soils graded, 2 to 8 percent slopes 
386 Kirvin fine sandy loam, 5 to 15 percent slopes 
387 Iulus fine sandy loam, occasionally flooded 
388 Bernaldo very fine sandy loam, 1 to 3 percent slopes 
389 Latex very fine sandy loam, 1 to 3 percent slopes 
390 Bernaldo very fine sandy loam, 5 to 8 percent slopes 
391 Owentown fine sandy loam, occasionally flooded 
392 Betis loamy fine sand, 1 to 5 percent slopes 
393 Redsprings gravelly fine sandy loam, 5 to 15 percent slopes 
394 Maben fine sandy loam, 5 to 15 percent slopes 
395 Laneville loam, frequently flooded 
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396 Naconiche mucky sandy loam, frequently flooded 
397 Redsprings soils, graded, 2 to 5 percent slopes 
398 Mattex clay loam, frequently flooded 
399 Ulto fine sandy loam, 1 to 3 percent slopes 
400 Bienville loamy fine sand, 0 to 2 percent slopes 
401 Woden fine sandy loam, 1 to 3 percent slopes 
402 Tonkawa fine sand, 15 to 35 percent slopes 
403 Dreka loam, frequently flooded 
404 Cuthbert fine sandy loam, 15 to 40 percent slopes, stony 
405 Mollville-Besner complex, 0 to 1 percent slopes 
406 Pirkey very fine sandy loam, 5 to 12 percent slopes 
407 Cuthbert fine sandy loam, 15 to 35 percent slopes 
408 Mattex-Owentown complex, frequently flooded 
409 Attoyac fine sandy loam, 8 to 15 percent slopes 
410 Pirkey very fine sandy loam, 1 to 5 percent slopes 
411 Redsprings gravelly fine sandy loam, 15 to 40 percent slopes 
412 Meth fine sandy loam, 1 to 5 percent slopes 
413 Laneville silt loam, occasionally flooded 
414 Austonio fine sandy loam, 5 to 12 percent slopes 
415 Mollville-Besner complex, 0 to 3 percent slopes, mounded 
416 Bernaldo fine sandy loam, 0 to 3 percent slopes 
417 Guyton silt loam, ponded 
418 Alazan-Besner complex, 0 to 1 percent slopes, mounded 
419 Laneville loam, 0 to 1 percent slopes, frequently flooded 
420 Besner fine sandy loam, 0 to 3 percent slopes 
421 Metcalf very fine sandy loam, 0 to 2 percent slopes 
422 Iulus soils, frequently flooded 
423 Sawtown very fine sandy loam, 0 to 2 percent slopes 
424 Metcalf-Sawtown complex, 0 to 2 percent slopes, mounded 
425 Lilbert loamy fine sand, 1 to 5 percent slopes 
426 Owentown fine sandy loam, 0 to 1 percent slopes, occasionally flooded 
427 Eastwood-Latex complex, 1 to 3 percent slopes, mounded 
428 Grapeland loamy fine sand, 1 to 5 percent slopes 
429 Metcalf-Timpson complex, 0 to 2 percent slopes, mounded 
430 Dreka loam, 0 to 1 percent slopes, frequently flooded 
431 Betis loamy fine sand, 0 to 8 percent slopes 
432 Kirvin fine sandy loam, 1 to 5 percent slopes 
433 Gallime-Guyton complex, 0 to 2 percent slopes, mounded 
434 Maben fine sandy loam, 15 to 35 percent slopes 
435 Gallime very fine sandy loam, 1 to 3 percent slopes 
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436 Kirvin soils, 1 to 5 percent slopes, graded 
437 Rentzel loamy fine sand, 0 to 5 percent slopes 
438 Attoyac fine sandy loam, 0 to 5 percent slopes 
439 Kirvin gravelly fine sandy loam, 1 to 5 percent slopes 
440 Cuthbert soils, 5 to 15 percent slopes, graded 
441 Bonn-Cart complex, 0 to 2 percent slopes, mounded 
442 Tenaha loamy fine sand, 15 to 35 percent slopes 
443 Owentown fine sandy loam, 0 to 1 percent slopes, frequently flooded 
444 Cuthbert fine sandy loam, 5 to 35 percent slopes, stony 
445 Hannahatchee loam, 0 to 1 percent slopes, occasionally flooded 
446 Attoyac fine sandy loam, 0 to 4 percent slopes 
447 Nacogdoches clay loam, 1 to 5 percent slopes 
448 Mattex-Iulus complex, 0 to 1 percent slopes, frequently flooded 
449 Letney loamy sand, 1 to 5 percent slopes 
450 Sawlit fine sandy loam, 0 to 3 percent slopes 
451 Kisatchie loam, 5 to 15 percent slopes 
452 Pophers silt loam, 0 to 1 percent slopes, frequently flooded 
453 Penning-Kurth complex, 0 to 2 percent slopes 
454 Herty loam, 0 to 3 percent slopes 
455 Moswell loam, 1 to 5 percent slopes 
456 Iulus fine sandy loam, 0 to 1 percent slopes, occasionally flooded 
457 Trawick gravelly clay loam, 5 to 15 percent slopes 
458 Gallime-Alazan Complex, 0 to 2 percent slopes 
459 Raylake clay, 1 to 5 percent slopes 
460 Moswell loam, 5 to 15 percent slopes 
461 Kurth fine sandy loam, 1 to 3 percent slopes 
462 Metcalf-Sawtown complex, 0 to 2 percent slopes 
463 Rosenwall fine sandy loam, 1 to 5 percent slopes 
464 Corrigan fine sandy loam, 1 to 5 percent slopes 
465 Mollville-Besner complex, 0 to 1 percent slopes, mounded 
466 Kirvin soils, 2 to 8 percent slopes, graded 
467 Etoile loam, 1 to 5 percent slopes 
468 Etoile fine sandy loam, 5 to 15 percent slopes 
469 Laneville loam, 0 to 1 percent slopes, occasionally flooded 
470 Lovelady loamy fine sand, 1 to 5 percent slopes 
471 Nacogdoches fine sandy loam, 1 to 5 percent slopes 
472 Alto clay loam, 1 to 3 percent slopes 
473 Smithdale sandy loam, 1 to 5 percent slopes 
474 Bub clay loam, 2 to 5 percent slopes 
475 Tehran loamy sand  5 to 15 percent slopes 
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476 Mine or Quarry 
477 Rayburn loam, 5 to 15 percent slopes 
478 Rosenwall fine sandy loam, 5 to 15 percent slopes 
479 Naclina clay, 5 to 15 percent slopes 
480 Naclina clay loam, 1 to 5 percent slopes 
481 Mattex clay loam, 0 to 1 percent slopes, frequently flooded 
482 Guyton silt loam, 0 to 1 percent slopes 
483 Guyton-Sawtown complex, mounded 
484 Tuscosso loam, 0 to 1 percent slopes, frequently flooded 
485 Trawick clay loam, 15 to 35 percent slopes 
486 Iulus fine sandy loam, 0 to 1 percent slopes, frequently flooded 
487 Letney loamy sand, 5 to 15 percent slopes 
488 LaCerda clay loam, 0 to 5 percent slopes 
489 Woden fine sandy loam, 0 to 4 percent slopes 
490 Alazan-Besner complex, 0 to 2 percent slopes 
491 Cuthbert gravelly fine sandy loam, 15 to 35 percent slopes, stony 
492 Chireno clay loam, 0 to 2 percent slopes 
493 Tonkawa fine sand, 0 to 8 percent slopes 
494 Kawah fine sand, 0 to 2 percent slopes 
495 Lovelady loamy fine sand, 5 to 8 percent slopes 
496 LaCerda clay loam, 5 to 15 percent slopes 
497 Simelake-Pluck complex, 0 to 1 percent slopes, frequently flooded 
498 Jasco silt loam, 0 to 1 percent slopes 
499 Doucette-Boykin association, undulating 
500 Bienville-Alaga association, gently undulating 
501 Newco-Urland association, gently undulating 
502 Shankler-Boykin association, hilly 
503 Pinetucky-Doucette association, undulating 
504 Malbis fine sandy loam, 1 to 5 percent slopes 
505 Redco-Woodville association, gently undulating 
506 Spurger-Mollville association, gently undulating 
507 Kirbyville-Jasco association, gently undulating 
508 Corrigan-Rayburn association, gently undulating 
509 Evadale-Vidrine complex, nearly level 
510 Evadale-Gist complex, gently undulating 
511 Evadale silt loam, 0 to 1 percent slopes 
512 Ochlockonee soils, occasionally flooded 
513 Letney-Tehran association, undulating 
514 Tehran-Letney association, hilly 
515 Bonwier-Stringtown association, hilly 
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516 Bernaldo-Besner complex, gently undulating 
517 Waller-Evadale association, nearly level 
518 Woodville-Redco association, gently undulating 
519 Malbis-Kirbyville association, gently undulating 
520 Browndell-Rock outcrop complex, sloping 
521 Iuka soils, frequently flooded 
522 Newco-Urland association, hilly 
523 Kirbyville-Waller association, gently undulating 
524 Rayburn-Kisatchie association, hilly 
525 Wiergate clay, 1 to 8 percent slopes 
526 Melhomes soils, frequently flooded 
527 Burkeville clay, 3 to 12 percent slopes 
528 Besner-Mollville complex, gently undulating 
529 Rogan-Pinetucky association, gently undulating 
530 Mantachie and Bleakwood soils, frequently flooded 
531 Stringtown-Bonwier association, graded 
532 Urland-Pinetucky association, undulating 
533 Kisatchie-Rayburn association, hilly 
534 Rayburn-Corrigan association, undulating 
535 Kirbyville-Niwana complex, 0 to 2 percent slopes 
536 Camptown silty clay loam, ponded 
537 Mooreville soils, occasionally flooded 
538 Stringtown-Bonwier association, hilly 
539 Shankler-Boykin association, undulating 
540 Deweyville soils, frequently flooded 
541 Gallime-Spurger association, gently undulating 
542 Nikful fine sandy loam, 0 to 8 percent slopes 
543 Gladewater soils, frequently flooded 
544 Tahoula clay, 5 to 15 percent slopes 
545 Attoyac fine sandy loam, 0 to 3 percent slopes 
546 Cowmarsh mucky clay, 0 to 1 percent slopes, frequently flooded 
547 Leerco muck, 0 to 1 percent slopes, frequently flooded, tidal 
548 Ijam clay, 0 to 2 percent slopes, frequently flooded, tidal 
549 Orcadia-Urban land complex, 0 to 2 percent slopes 
550 Orcadia silt loam, 0 to 2 percent slopes 
551 Caplen mucky peat, 0 to 1 percent slopes, frequently flooded, tidal 
552 Franeau clay, 0 to 1 percent slopes, occasionally flooded, tidal 
553 Bleakwood loam, 0 to 1 percent slopes, frequently flooded 
554 Anahuac-Urban land complex, 0 to 2 percent slopes 
555 Texla-Gist complex, 0 to 1 percent slopes 
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556 Spurger-Camptown complex, 0 to 1 percent slopes 
557 Orcadia-Anahuac complex, 0 to 1 percent slopes 
558 Labelle silt loam, 0 to 1 percent slopes 
559 Leton loam, ponded, 0 to 1 percent slopes 
560 Texla-Evadale complex, 0 to 1 percent slopes 
561 Orcadia-Aris complex, 0 to 1 percent slopes 
562 Texla silt loam, 0 to 1 percent slopes 
563 Anahuac very fine sandy loam, 0 to 2 percent slopes 
564 Spurger loam, 0 to 2 percent slopes 
565 Labelle-Anahuac complex, 0 to 1 percent slopes 
566 Vamont clay, 0 to 2 percent slopes 
567 Morey-Levac complex, 0 to 1 percent slopes 
568 Camptown silt loam, ponded, 0 to 1 percent slopes 
569 Labelle-Levac complex, 0 to 1 percent slopes 
570 Craigen loamy fine sand, 0 to 2 percent slopes 
571 Mollco fine sandy loam, ponded, 0 to 1 percent slopes 
572 Harris clay, 0 to 1 percent slopes, frequently flooded, tidal 
573 Neches coarse sand, 2 to 5 percent slopes 
574 Mollco-Craigen complex, 0 to 1 percent slopes 
575 Neel-Urban land complex, 2 to 5 percent slopes, rarely flooded, tidal 
576 Viterbo silty clay loam, 0 to 1 percent slopes 
577 Beaumont clay, 0 to 1 percent slopes 
578 Anahuac-Aris complex, 0 to 1 percent slopes 
579 Bienville-Camptown complex, 0 to 1 percent slopes 
580 Bancker mucky peat, 0 to 1 percent slopes, frequently flooded, tidal 
581 Morey-Spindletop complex, 0 to 1 percent slopes 
582 Barbary mucky clay, 0 to 1 % slopes, frequently flooded 
583 Estes clay, 0 to 1 percent slopes, frequently flooded 
584 Belrose loamy fine sand, 0 to 3 percent slopes 
585 Barnett mucky peat, 0 to 1 percent slopes, frequently flooded, tidal 
586 Sacul very fine sandy loam, 5 to 12 percent slopes 
587 Eastwood very fine sandy loam, 5 to 12 percent slopes 
588 Flo loamy fine sand, 1 to 5 percent slopes 
589 Wolfpen loamy sand, 1 to 3 percent slopes 
590 Darley gravelly loamy fine sand, 1 to 5 percent slopes 
591 Mahan fine sandy loam, 1 to 5 percent slopes 
592 Angie very fine sandy loam, 1 to 3 percent slopes 
593 Darley-Sacul complex, 12 to 30 percent slopes 
594 Guyton-ouachita silt loams, frequently flooded 
595 Larue loamy fine sand, 1 to 5 percent slopes 
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596 Sacul gravelly fine sandy loam, 1 to 5 percent slopes 
597 Darley gravelly fine sandy loam, 5 to 12 percent slopes 
598 Iuka-Dela compex, frequently flooded 
599 McLaurin loamy fine sand, 1 to 3 percent slopes 
600 Ruple gravelly loam, 1 to 5 percent slopes 
601 Mahan fine sandy loam, 5 to 12 percent slopes 
602 Harleston fine sandy loam, 1 to 3 percent slopes 
603 Ruple gravelly loam, 5 to 12 percent slopes 
604 Smithdale fine sandy loam, 5 to 12 percent slopes 
605 Cahaba fine sandy loam, 1 to 3 percent slopes 
606 Guyton silt loam 
607 Sacul gravelly fine sandy loam, 5 to 12 percent slopes 
608 Darbonne loamy fine sand, 1 to 5 percent slopes 
609 Flo loamy fine sand, 5 to 12 percent slopes 
610 Harleston very fine sandy loam, 3 to 8 percent slopes 
611 Darley gravelly fine sandy loam, 1 to 5 percent slopes 
612 Cahaba fine sandy loam, 1 to 5 percent slopes 
613 Ruston fine sandy loam, 1 to 5 percent slopes 
614 Iuka-Dela complex, frequently flooded 
615 Warnock fine sandy loam, 1 to 5 percent slopes 
616 McLaurin fine sandy loam, 1 to 5 percent slopes 
617 Sawyer silt loam, 1 to 5 percent slopes 
618 Smithton fine sandy loam, 0 to 2 percent slopes 
619 Savannah fine sandy loam, 1 to 5 percent slopes 
620 Smithdale fine sandy loam, 8 to 15 percent slopes 
621 Libuse silt loam, 1 to 5 percent slopes 
622 Portland clay, frequently flooded 
623 Groom silt loam, occassionally flooded 
624 Haggerty fine sandy loam, frequently flooded 
625 Kirvin fine sandy loam, 5 to 12 percent slopes 
626 Haggerty silty clay loam, frequently flooded 
627 Ora fine sandy loam, 1 to 5 percent slopes 
628 Groom silty clay loam, frequently flooded 
629 Darley gravelly fine sandy loam, 12 to 30 percent slope s 
630 Frizzell silt loam 
631 Perry clay, frequently flooded 
632 Guyton silt loam, frequently flooded 
633 Trep loamy fine sand, 1 to 5 percent slopes 
634 Hebert-Perry soils, frequently flooded 
635 Ora fine sandy loam, 5 to 12 percent slopes 
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636 Hebert silt loam, occasionally flooded 
637 Boykin loamy fine sand, 1 to 5 percent slopes 
638 Litro clay, frequently flooded 
639 Angie very fine sandy loam, 1 to 5 percent slopes 
640 Savannah fine sandy loam, 5 to 12 percent slopes 
641 Sawyer silt loam, 5 to 8 percent slopes 
642 Portland silty clay loam, occasionally flooded 
643 Libuse silt loam, 5 to 8 percent slopes 
644 Sterlington very fine sandy loam, 1 to 3 percent slopes 
645 Guyton-Ouachita silt loams, frequently flooded 
646 Wrightsville silt loam, occasionally flooded 
647 Sterlington silt loam, 1 to 3 percent slopes 
648 Hebert silty clay loam 
649 Portland silt loam 
650 Portland clay 
651 Tillou silt loam 
652 Gallion silt loam 
653 Hebert silt loam 
654 Idee-Goodwill complex 
655 Sterlington silt loam, 0 to 1 percent slopes 
656 Forestdale silty clay loam 
657 Lafe silt loam 
658 Libuse silt loam, 1 to 3 percent slopes 
659 Debute silt loam, 1 to 3 percent slopes 
660 Litro clay 
661 Idee-Forestdale complex 
662 Dexter silt loam, 3 to 5 percent slopes 
663 Sterlington-Hebert complex, gently undulating 
664 Bussy silt loam, 1 to 5 percent slopes 
665 Perry clay, 0 to 1 percent slopes 
666 Groom very fine sandy loam 
667 Mer Rouge-Gallion complex 
668 Rilla silt loam, 0 to 1 percent slopes 
669 Libuse silt loam, 3 to 5 percent slopes 
670 Rilla silt loam, 1 to 3 percent slopes 
671 Groom-Mollicy complex, occasionally flooded 
672 Rilla-Hebert complex, gently undulating 
673 Wrightsville silt loam 
674 Hebert and Perry soils, frequently flooded 
675 Yorktown clay, frequently flooded 
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676 Mer Rouge silt loam 
677 Debute silt loam, 3 to 8 percent slopes 
678 Guyton-Cascilla complex, frequently flooded 
679 Udalfs-Bussy association, 5 to 30 percent slopes 
680 Groom very fine sandy loam, occasionally flooded 
681 Haggerty silty clay, frequently flooded 
682 Groom-Mollicy complex 
683 Perry clay, gently undulating 
684 Haggerty loamy fine sand 
685 Portland clay, occasionally flooded 
686 Gallion silty clay loam 
687 Mer Rouge silty clay loam 
688 Allemands muck, drained 
689 Haggerty loamy fine sand, frequently flooded 
690 Haggerty silty clay 
691 Grenada-Calhoun complex, gently undulating 
692 Calhoun silt loam 
693 Grenada silt loam, 1 to 3 percent slopes 
694 Dexter silt loam, 1 to 3 percent slopes 
695 Dundee-Dubbs complex 
696 Calhoun-Calloway complex 
697 Grenada silt loam, 3 to 5 percent slopes 
698 Calloway silt loam 
699 Foley silt loam 
700 Memphis silt loam, 0 to 2 percent slopes 
701 Deerford silt loam 
702 Perry clay 
703 Memphis silt loam, 8 to 20 percent slopes 
704 Sharkey clay 
705 Commerce silty clay loam 
706 Dundee silt loam 
707 Tunica clay 
708 Sharkey clay, 0 to 1 percent slopes, rarely flooded, south 
709 Tensas silty clay 
710 Tensas-Dundee complex, gently undulating 
711 Dundee silty clay loam 
712 Bruin silt loam 
713 Arents, loamy and clayey 
714 Newellton silty clay 
715 Sharkey silty clay loam 
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716 Commerce silt loam, 0 to 1 percent slopes 
717 Tensas-Sharkey complex, gently undulating 
718 Tunica and Sharkey soils, frequently flooded 
719 Levees-Borrow pits complex, nearly level to strongly sloping 
720 Bruin-Commerce silt loams, gently undulating 
721 Commerce and Bruin soils, frequently flooded 
722 Gurdon silt loam, 1 to 3 percent slopes 
723 Gore silt loam, 1 to 5 percent slopes 
724 Malbis fine sandy loam, 3 to 8 percent slopes 
725 Malbis fine sandy loam, 1 to 3 percent slopes 
726 Forbing silt loam, 5 to 12 percent slopes 
727 Gore silt loam, 5 to 12 percent slopes 
728 Forbing silt loam, 1 to 5 percent slopes 
729 Kolin silt loam, 1 to 3 percent slopes 
730 Darley gravelly loamy fine sand, 5 to 12 percent slopes 
731 Darley gravelly loamy fine sand, 12 to 30 percent slopes 
732 Iuka-Dela association, frequently flooded 
733 McLaurin loamy fine sand, 3 to 8 percent slopes 
734 Estes silty clay loam, 0 to 1 percent slopes, frequently flooded 
735 Eastwood fine sandy loam, 1 to 5 percent slopes 
736 Guyton-Iulus complex, 0 to 1 percent slopes , frequently flooded 
737 Eastwood fine sandy loam, 5 to 15 percent slopes 
738 Gore very fine sandy loam, 1 to 5 percent slopes 
739 Moreland silt loam, 0 to 1 percent slopes 
740 Caspiana silt loam, 0 to 1 percent slopes 
741 Latanier clay, 0 to 1 percent slopes, rarely flooded 
742 Riverwash and Kiomatia soils, frequently flooded 
743 Caplis very fine sandy loam, 0 to 1 percent slopes 
744 Moreland clay, 0 to 1 percent slopes,  ponded 
745 Armistead clay, 0 to 1 percent slopes 
746 Moreland clay, 0 to 1 percent slopes, rarely flooded MLRA 131C 
747 Coushatta silt loam, 0 to 1 percent slopes 
748 Buxin clay, 0 to 1 percent slopes 
749 Buxin clay, 0 to 1 percent slopes, ponded 
750 Moreland silty clay loam, 0 to 1 percent slopes 
751 Coushatta silty clay loam, 0 to 1 percent slopes 
752 Arents 
753 Pits, sand and gravel 
754 Urbanland-Coushatta complex, 0 to 1 percent slopes 
755 Urbanland-Kolin complex, 1 to 3 percent 
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756 Urbanland-Eastwood complex, 1 to 5 percent slopes 
757 Urbanland-Eastwood complex, 5 to 15 percent slopes 
758 Urbanland 
759 Urbanland-Metcalf complex, 0 to 2 percent slopes 
760 Severn very fine sandy loam, 0 to 1 percent slopes, rarely flooded 
761 Urbanland-Keithville complex, 1 to 5 percent slopes 
762 Bossier clay, 0 to 1 percent slopes, frequently flooded 
763 Severn very fine sandy loam, 1 to 3 percent slopes, rarely flooded 
764 Severn very fine sandy loam, 1 to 3 percent slopes, frequently flooded 
765 Bistineau very fine sandy loam, 1 to 5 percent slopes 
766 Betis loamy fine sand, 5 to 12 percent slopes 
767 Hainesville loamy fine sand, 1 to 3 percent slopes 
768 Dubach fine sandy loam, 1 to 5 percent slopes 
769 Meth fine sandy loam, 3 to 8 percent slopes 
770 Caspiana silty clay loam, 0 to 1 percent slopes 
771 McKamie very fine sandy loam, 5 to 15 percent slopes 
772 Briley loamy fine sand, 5 to 12 percent slopes 
773 Urbanland-Forbing complex, 2 to 8 percent slopes 
774 Bonn silt loam, 0 to 1 percent slopes 
775 Buxin clay, 0 to 1 percent slopes, frequently flooded 
776 Severn very fine sandy loam, 1 to 3 percent slopes, occasionally flooded 
777 Urbanland-Guyton complex, 0 to 1 percent slopes 
778 Sailes fine sandy loam, 5 to 12 percent slopes 
779 Kolin very fine sandy loam, 1 to 5 percent slopes 
780 Gallion silty clay loam, 0 to 1 percent slopes 
781 Gallion silt loam, 0 to 1 percent slopes 
782 Bistineau-Urbanland complex, 1 to 8 percent slopes 
783 Urbanland-Wrightsville complex, 0 to 1 percent slopes 
784 Buxin clay, 0 to 1 percent slopes, occasionally flooded 
785 Coushatta-Urbanland complex, 0 to 1 percent slopes 
786 Moreland clay, 0 to 1 percent slopes, frequently flooded 
787 Ashford silty clay, 0 to 1 percent slopes 
788 Urbanland-Gore complex, 1 to 5 percent slopes 
789 Armistead-Urbanland complex, 0 to 1 percent slopes 
790 Gore very fine sandy loam, 5 to 12 percent slopes 
791 Urbanland-Moreland complex, 0 to 1 percent slopes 
792 Maben fine sandy loam, 15 to 40 percent slopes 
793 Moreland clay, 0 to 1 percent slopes, occasionally flooded 
794 Bistineau-Urbanland complex, 8 to 15 percent slopes 
795 Bistineau very fine sandy loam, 5 to 15 percent slopes 
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796 Scottsville very fine sandy loam, 1 to 3 percent slopes 
797 Urbanland-Ashford complex, 0 to 1 percent slopes 
798 Urbanland-Latanier complex, 0 to 1 percent slopes 
799 Cypress clay loam, 0 to 1 percent slopes, submerged 
800 Wrightsville silt loam, 0 to 1 percent slopes 
801 Kolin silt loam, 1 to 5 percent slopes 
802 Bossier clay, frequently flooded 
803 Betis loamy fine sand, 5 to 15 percent slopes 
804 Sonnier clay, 1 to 3 percent slopes, frequently flooded 
805 Buxin clay, frequently flooded 
806 Besner very fine sandy loam, 0 to 3 percent slopes 
807 Mollicy-Guyton complex, 0 to 1 percent slopes, occasionally flooded 
808 Morse clay, 1 to 5 percent slopes 
809 McKamie very fine sandy loam, 1 to 5 percent slopes 
810 Gurdon very fine sandy loam, 1 to 3 percent slopes 
811 Severn very fine sandy loam, frequently flooded 
812 Morse clay, 5 to 12 percent slopes 
813 Moreland clay, frequently flooded 
814 Bienville loamy fine sand, 1 to 3 percent slopes, occasionally flooded 
815 Severn silt loam, 0 to 1 percent slopes 
816 Urban land-Latanier complex, 0 to 1 percent slopes 
817 Moreland clay, 0 to 1 percent slopes 
818 Bodcau silt loam, 0 to 1 percent slopes 
819 Urban land-Coushatta complex, 0 to 1 percent slopes 
820 Yorktown clay, 0 to 1 percent slopes, frequently flooded 
821 Dam 
822 Mahan fine sandy loam, 5 to 15 percent slopes 
823 Gallion-Urban land complex, 0 to 1 percent slopes 
824 Sacul fine sandy loam, 15 to 40 percent slopes 
825 Darley gravelly fine sandy loam, 5 to 15 percent slopes 
826 Urban land-Moreland complex, 0 to 1 percent slopes 
827 Severn silt loam, gently undulating, rarely flooded 
828 Caplis-Urban land complex 
829 Betis loamy fine sand, 15 to 30 percent slopes 
830 Cypress silty clay loam, 0 to 1 percent slopes, ponded 
831 Sonnier clay, 1 to 3 percent slopes 
832 Moreland clay, occasionally flooded 
833 Darley-Sacul association, 12 to 30 percent slopes 
834 Ruston-Lucy association, hilly 
835 Providence silt loam, 3 to 6 percent slopes 
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836 Guyton association 
837 Frizzell silt loam, 0 to 1 percent slopes 
838 Barclay-Rosebloom complex, occasionally flooded 
839 Ora fine sandy loam, 5 to 8 percent slopes 
840 Ora-Savannah association, gently rolling 
841 Kirvin-Ruston association, rolling 
842 Pits, gravel & borrow 
843 Ruston-Lucy association, undulating 
844 Guyton-Rosebloom complex, frequently flooded 
845 Hebert-Perry complex, gently undulating 
846 Ora fine sandy loam, 8 to 12 percent slopes 
847 Frizzell silt loam, 1 to 3 percent slopes 
848 Cadeville association, hilly 
849 Muskogee silt loam, 3 to 5 percent slopes 
850 Terrace escarpments 
851 Made land 
852 Levees-Borrow pits complex, 0 to 25 percent slopes 
853 Ruston fine sandy loam, 8 to 12 percent slopes (smithdale) 
854 Crowley silt loam 
855 Waller loam 
856 Cadeville fine sandy loam, 5 to 20 percent slopes 
857 Providence silt loam, 1 to 3 percent slopes 
858 Hebert complex 
859 Leaf silt loam, occasionally flooded 
860 Alligator clay, frequently flooded 
861 Hebert silt loam, gently undulating 
862 Alligator clay 
863 Alaga-Lucy association, undulating 
864 Dumps 
865 Bowie very fine sandy loam, 1 to 5 percent slopes 
866 Sailes loamy fine sand, 1 to 5 percent slopes 
867 Bellwood silt loam, 1 to 5 percent slopes 
868 Ruston fine sandy loam, 5 to 8 percent slopes 
869 Natchitoches fine sandy loam, 5 to 12 percent slopes 
870 Sawyer very fine sandy loam, 1 to 5 percent slopes 
871 Bowie very fine sandy loam, 5 to 8 percent slopes 
872 Darden loamy fine sand, 1 to 5 percent slopes 
873 Boykin loamy fine sand, 5 to 12 percent slopes 
874 Beauregard silt loam, 1 to 3 percent slopes 
875 Eastwood fine sandy loam, 5 to 12 percent slopes 
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876 Shatta silt loam, 1 to 5 percent slopes 
877 Eastwood fine sandy loam, 12 to 20 percent slopes 
878 Bellwood silt loam, 5 to 15 percent slopes 
879 Natchitoches fine sandy loam, 1 to 5 percent slopes 
880 Smithdale fine sandy loam, 8 to 20 percent slopes 
881 Oktibbeha silt loam, 1 to 5 percent slopes 
882 Buxin-Moreland clay, frequently flooded 
883 Gigger-Gilbert silt loams, gently undulating 
884 Gilbert silt loam 
885 Gilbert-Egypt silt loams, gently undulating 
886 Gigger silt loam, 1 to 3 percent slopes 
887 Grenada-Calhoun silt loams, gently undulating 
888 Dexter silt loam, 0 to 1 percent slopes 
889 Perry silty clay loam 
890 Liddieville fine sandy loam, 2 to 5 percent slopes 
891 Necessity silt loam, 1 to 3 percent slopes 
892 Necessity-Gilbert silt loams, gently undulating 
893 Calhoun-Calloway silt loams, gently undulating 
894 Egypt silt loam, 1 to 3 percent slopes 
895 Loring silt loam, 1 to 5 percent slopes 
896 Sterlington-Hebert silt loams, gently undulating 
897 Portland silty clay loam 
898 Calloway silt loam, 1 to 3 percent slopes 
899 Rilla-Hebert silt loams, gently undulating 
900 Hebert-Perry complex, occasionally flooded 
901 Arents, dredged 
902 Tensas-Sharkey complex 
903 Forestdale silty clay loam, occasionally flooded 
904 Grenada silt loam, 8 to 12 percent slopes 
905 Mer Rouge-Gallion silt loams 
906 Maurepas muck 
907 Dundee-Tensas complex, gently undulating 
908 Frizzell-Guyton complex, 0 to 2 percent slopes 
909 Guyton-Ouachita-Ochlockonee association, frequently flooded 
910 Vaiden silty clay loam, 0 to 2 percent slopes 
911 Oktibbeha silty clay loam, 1 to 5 percent slopes 
912 Oktibbeha silty clay loam, 5 to 12 percent slopes 
913 Udifluvents 
914 Sharkey clay, undulating 
915 Sharkey clay, 0 to 1 percent slopes, frequently flooded 
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916 Dundee-Sharkey complex, gently undulating 
917 Sharkey-Tunica complex, gently undulating 
918 Sharkey silt loam 
919 Eastwood sandy loam, 1 to 5 percent slopes 
920 Bonn silt loam 
921 Metcalf silt loam 
922 Guyton and Iuka soils, frequently flooded 
923 Larue loamy fine sand, 5 to 12 percent slopes 
924 Sacul fine sandy loam, 12 to 30 percent slopes 
925 Mahan fine sandy loam, 1 to 8 percent slopes 
926 Forbing silt loam 1 to 3 percent slopes 
927 Moreland clay 
928 Yorktown clay 
929 Forbing silt loam, 3 to 8 percent slopes 
930 Iuka and Ochlockonee soils, frequently flooded 
931 Elysian-Guyton complex, gently undulating 
932 Moreland silt loam, overwash, 0 to 1 percent slopes 
933 Ruston association, sloping 
934 Guyton-Messer association 
935 Severn soils, frequently flooded 
936 Guyton association, frequently flooded 
937 Malbis-Beauregard association, gently sloping 
938 Moreland clay, gently undulating 
939 Kolin-Wrightsville association 
940 Falkner-Boswell association, gently sloping 
941 Severn very fine sandy loam, occasionally flooded 
942 Bonn complex 
943 Meth-Malbis association, sloping 
944 Severn (udifluvents) 
945 Gore-McKamie association, sloping 
946 Boswell-Falkner association, sloping 
947 Shatta association, gently sloping 
948 Meth-Ruston association, steep 
949 Rilla silt loam 
950 Bayoudan clay, 3 to 8 percent slopes 
951 Perry clay,occasionally flooded 
952 Frizzell-Guyton-Providence association, 0 to 2 percent slopes 
953 Providence silt loam, 1 to 5 percent slopes 
954 Sacul fine sandy loam, moderately sloping 
955 Savannah-sacul association, gently sloping 
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956 Brimstone-Prentiss association, 0 to 3 percent slopes 
957 Perry-Hebert complex, gently undulating 
958 Hebert silt loam, gently undulating, occasionally flood ed 
959 Gore silt loam, 2 to 5 percent slopes 
960 Tippah silt loam, 1 to 5 percent slopes 
961 Guyton and Ouachita silt loams, frequently flooded 
962 Rilla-hebert silt loams, gently undulating 
963 Sterlington silt loam 
964 Falkner silt loam 
965 Larue-Smithdale association, moderately steep 
966 Olla-Cadeville association, steep 
967 Bayoudan clay, 8 to 40 percent slopes 
968 Hebert-sterlington silt loams, 0 to 2 percent slopes 
969 Necessity silt loam 
970 Dexter silt loam 
971 Loring silt loam, 1 to 3 percent slopes 
972 Memphis silt loam, 2 to 5 percent slopes 
973 Dexter-Foley complex, gently undulating 
974 Gigger-Gilbert complex, gently undulating 
975 Loring-Calhoun complex, gently undulating 
976 Egypt silt loam 
977 Gilbert silt loam, occasional flooded 
978 Memphis silt loam, 5 to 8 percent slopes 
979 Gilbert-Egypt complex 
980 Dundee-Sharkey complex gently undulating 
981 Smithdale fine sandy loam, 5 to 20 percent slopes 
982 Bellwood loam, 5 to 15 percent slopes 
983 Bellwood loam, 1 to 5 percent slopes 
984 Osier loamy fine sand, 0 to 2 percent slopes 
985 Gore silt loam, 5 to 15 percent slopes 
986 Cadeville very fine sandy loam, 2 to 5 percent slopes 
987 Caddo silt loam 
988 Oktibbeha silt loam, 5 to 15 percent slopes 
989 Pits, quarry 
990 Shatta very fine sandy loam, 1 to 5 percent slopes 
991 Boykin loamy fine sand, 5 to 20 percent slopes 
992 Hollywood silty clay loam, 1 to 5 percent slopes 
993 Glenmora silt loam, 1 to 3 percent slopes 
994 Keiffer loam, 1 to 5 percent slopes 
995 Vaiden silt loam, 0 to 1 percent slopes 
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996 Dumps, quarry 
997 Roxana silt loam, occasionally flooded 
998 Gallion silt loam, rarely flooded 
999 Cadeville very fine sandy loam, 5 to 12 percent slopes 
1000 Roxana silt loam, frequently flooded 
1001 Brimstone very fine sandy loam, occasionally flooded 
1002 Roxana-Moreland, gently undulating, occasionally flooded 
1003 Kenefick fine sandy loam, 1 to 5 percent slopes 
1004 Keithville loam, 1 to 5 percent slopes 
1005 Natchitoches sandy clay loam, 5 to 12 percent slopes 
1006 Bellwood clay, 1 to 5 percent slopes 
1007 Kisatchie-Anacoco complex, 1 to 5 percent slopes 
1008 Anacoco loam, 1 to 5 percent slopes 
1009 Kisatchie clay, 1 to 15 percent slopes, severely eroded 
1010 Natchitoches sandy clay loam, 1 to 5 percent slopes 
1011 Kisatchie-Oula fine sandy loams, 5 to 40 percent slopes 
1012 Caddo very fine sandy loam 
1013 Acadia silt loam 
1014 Moreland silt loam 
1015 Roxana very fine sandy loam 
1016 Bellwood clay, 5 to 12 percent slopes 
1017 Saucier fine sandy loam, 1 to 5 percent slopes 
1018 Roxana very fine sandy loam, frequently flooded 
1019 Oktibbeha loam, 1 to 5 percent slopes 
1020 Mayhew loam, 1 to 5 percent slopes 
1021 Cadeville very fine sandy loam, 5 to 20 percent slopes 
1022 Cadeville very fine sandy loam, 1 to 5 percent slopes 
1023 Sardis-Guyton loams, rarely flooded 
1024 Briley loamy fine sand, 12 to 20 percent slopes 
1025 Oktibbeha loam, 5 to 12 percent slopes 
1026 Roxana very fine sandy loam, occasionally flooded 
1027 Guyton-Lotus association, frequently flooded 
1028 Rayburn fine sandy loam, 1 to 5 percent slopes 
1029 Metcalf very fine sandy loam 
1030 Rigolette-Kisatchie association, hilly 
1031 Moreland silt loam, overwash 
1032 Guyton and Cascilla soils, frequently flooded 
1033 Ruston-Cadeville association, moderately rolling 
1034 Urbo variant silty clay loam, occasionally flooded 
1035 Coushatta silt loam, gently undulating 
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1036 Yorktown silty clay 
1037 Mayhew silty clay loam 
1038 Gallion silt loam, occasionally flooded 
1039 Moreland silty clay loam 
1040 Una silty clay, frequently flooded 
1041 Ruston-Smithdale association, moderately rolling 
1042 Sumter variant silty clay loam, 1 to 5 percent slopes 
1043 Vaiden silty clay, 1 to 5 percent slopes 
1044 Fausse clay, frequently flooded 
1045 Bayoudan silt loam, 1 to 5 percent slopes 
1046 Hollywood clay, 1 to 5 percent slopes 
1047 Zenoria clay loam, occasionally flooded 
1048 Kurth fine sandy loam, 1 to 5 percent slopes 
1049 Oula fine sandy loam, 5 to 20 percent slopes 
1050 Smithdale fine sandy loam, 12 to 30 percent slopes 
1051 Kisatchie-Oula complex, 8 to 40 percent slopes 
1052 Ouachita and jena soils, frequently flooded 
1053 Oula-Providence association, 5 to 25 percent slopes 
1054 Pheba loam 
1055 Providence silt loam, 3 to 8 percent slopes 
1056 Foley silt loam, occasionally flooded 
1057 Dundee loam 
1058 Bursley silt loam 
1059 Vick silt loam 
1060 Tensas silty clay, occasionally flooded 
1061 Guyton and ouachita soils, frequently flooded 
1062 Lexington silt loam, 1 to 3 percent slopes 
1063 Bayoudan silty clay loam, 5 to 15 percent slopes 
1064 Smithdale-Lucy-Providence association, 5 to 25 percent slopes 
1065 Alligator clay, occasionally flooded 
1066 Bayoudan clay, 15 to 40 percent slopes 
1067 Bursley silt loam, occasionally flooded 
1068 Una silty clay loam, frequently flooded 
1069 Deerford silt loam, occasionally flooded 
1070 Bursley silty clay loam, rarely flooded 
1071 Dowling clay 
1072 Dundee silty clay loam, 0 to 1 percent slopes 
1073 Bursley silt loam, rarely flooded 
1074 Calloway silt loam, rarely flooded 
1075 Calhoun silt loam, rarely flooded 
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1076 Hebert silt loam, undulating, occasionally flooded 
1077 Providence silt loam, 1 to 6 percent slopes 
1078 Memphis silt loam, 5 to 12 percent slopes 
1079 Tensas-Alligator complex, undulating 
1080 Loring silt loam 
1081 Necessity silt loam, rarely flooded 
1082 Dundee silt loam, gently undulating 
1083 Tensas-Alligator complex, undulating, occasionally flooded 
1084 Smithdale-Briley(lucy)-Providence association, 5 to 25 percent slopes 
1085 Memphis-Smithdale association, 5 to 40 percent slopes 
1086 Bayoudan clay, 5 to 40 percent slopes 
1087 Loring silt loam, rarely flooded 
1088 Alaga-Smithdale-Briley(lucy) association, 5 to 40 percent slopes 
1089 Sharkey clay, 0 to 1 percent slopes, occasionally flooded 
1090 Sharkey clay, overwash 
1091 Dundee-Alligator complex, gently undulating 
1092 Coushatta silt loam 
1093 Oula-Providence-Smithdale association, 5 to 40 percent slopes 
1094 Dundee silt loam, 0 to 1 percent slopes 
1095 Udifluvents,loamy 
1096 Smithdale-Oula-Providence association, 5 to 40 percent slopes 
1097 Sostien clay, occasionally flooded 
1098 Memphis-Kisatchie-Oula association, 5 to 40 percent slopes 
1099 Sweatman-Smithdale association, 5 to 40 percent slopes 
1100 Latonia fine sandy loam, 1 to 5 percent slopes 
1101 Kenefick loamy fine sand, 1 to 3 percent slopes 
1102 Bellwood silty clay loam, 5 to 12 percent slopes 
1103 Betis loamy fine sand, 1 to 5 percenet slopes 
1104 Kisatchie-Mayhew-Rayburn association, 5 to 20 percent slopes 
1105 Letney loamy sand, 5 to 12 percent slopes 
1106 Niwana-Gessner loams 
1107 Guyton-Iuka association, frequently flooded 
1108 Herty very fine sandy loam, 1 to 5 percent slopes 
1109 Bellwood silty clay loam, 1 to 5 percent slopes 
1110 Nacogdoches gravelly sandy loam, 1 to 5 percent slopes 
1111 Trep loamy fine sand, 5 to 12 percent slopes 
1112 Keiffer clay loam, 1 to 5 percent slopes 
1113 Keiffer clay loam, 5 to 12 percent slopes 
1114 Attoyac fine sandy loam, 1 to 5 percent slopes 
1115 Newellton and Sharkey soils, frequently flooded 
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1116 Coushatta silt loam, gently undulating, occasionally flooded 
1117 Commerce silt loam, occasionally flooded 
1118 Tunica-Sharkey complex, gently undulating, occasionally flooded 
1119 Sostien-Cocodrie association, occasionally flooded 
1120 Sostien-Crevasse association, 0 to 5 percent slopes 
1121 Crevasse fine sand, frequently flooded 
1122 Commerce silty clay loam, occasionally flooded 
1123 Bruin silt loam, occasionally flooded 
1124 Sharkey clay, overwash, occasionally flooded 
1125 Latanier clay, gently undulating, occasionally flooded 
1126 Tunica clay, occasionally flooded 
1127 Sharkey clay, gently undulating, occasionally flooded 
1128 Guyton complex, frequently flooded 
1129 Betis (eustis) loamy fine sand, 1 to 8 percent slopes 
1130 Briley (lucy) loamy fine sand, 3 to 8 percent slopes 
1131 Smithdale fine sandy loam, 12 to 20 percent slopes 
1132 Roxana very fine sandy loam, gently undulating 
1133 Kisatchie-Cadeville association, hilly 
1134 Acadia silt loam, 0 to 1 percent slopes 
1135 Acadia silt loam, 1 to 3 percent slopes 
1136 Anacoco silt loam, 1 to 4 percent slopes 
1137 Rexor-Nugent complex, frequently flooded 
1138 Borrow and sand pits 
1139 Betis (eustis) loamy fine sand, 8 to 30 percent slopes 
1140 Vaiden-Watsonia association, rolling 
1141 Alligator association, frequently flooded 
1142 Urbo silty clay loam, frequently flooded 
1143 Cadeville-Osier complex (aqualfs), 1 to 8 percent slopes 
1144 Roxana soils, frequently flooded 
1145 McKamie very fine sandy loam, 5 to 12 percent slopes 
1146 Moreland clay, 0 to 1 percent slopes, occasionally floo ded 
1147 Spoil areas 
1148 Guyton complex 
1149 Kirbyville-Niwana complex 
1150 Latanier silty clay loam 
1151 Mowata silt loam 
1152 Hainesville fine sand, 0 to 2 percent slopes, occasionally flooded 
1153 Kisatchie-Rayburn fine sandy loams, 5 to 20 percent slopes 
1154 Boykin loamy fine sand, 3 to 8 percent slopes 
1155 Malbis fine sandy loam, 3 to 5 percent slopes 
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1156 Guyton silt loam, occasionally flooded 
1157 Mayhew silt loam, 1 to 5 percent slopes 
1158 Vaiden loam, 1 to 5 percent slopes 
1159 Eastwood silt loam, 1 to 5 percent slopes 
1160 Boykin loamy fine sand, 1 to 3 percent slopes 
1161 Beauregard fine sandy loam, 1 to 3 percent slopes 
1162 Urbo silty clay, frequently flooded 
1163 Guyton-Iuka complex, frequently flooded 
1164 Eastwood silt loam, 5 to 12 percent slopes 
1165 Beauregard fine sandy loam, 3 to 5 percent slopes 
1166 Hornbeck clay, 1 to 5 percent slopes 
1167 Hornbeck clay, 5 to 8 percent slopes 
1168 Caddo silt loam, 0 to 1 percent slopes 
1169 Spurger very fine sandy loam, 1 to 5 percent slopes 
1170 Merryville-Besner complex 
1171 Cypress clay 
1172 Caddo-Messer complex 
1173 Riverwash 
1174 Coteau silt loam, 1 to 3 percent slopes 
1175 Coushatta silty clay loam, occasionally flooded 
1176 Loring silt loam, 0 to 2 percent slopes 
1177 Moreland clay, gently undulating, occasionally flooded 
1178 Loring silt loam, 2 to 5 percent slopes 
1179 Crowley variant silt loam 
1180 Latanier clay, occasionally flooded 
1181 Solier clay, occasionally flooded 
1182 Sharkey clay, overwash, frequently flooded 
1183 Solier clay 
1184 Dundee silty clay loam, occasionally flooded 
1185 Sharkey clay, overwash, gently undulating, occasionally flooded 
1186 Dundee variant clay 
1187 Roxana very fine sandy loam, gently undulating, occasionally flooded 
1188 McKamie silt loam, 5 to 12 percent slopes 
1189 Tensas silty clay, overwash, occasionally flooded 
1190 Tensas-Sharkey complex, overwash, undulating, occasionally flooded 
1191 Coushatta silt loam, occasionally flooded 
1192 Tensas-Sharkey complex, undulating 
1193 Moreland silt loam, occasionally flooded 
1194 Commerce silt loam 
1195 Convent very fine sandy loam, occasionally flooded 
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1196 Convent very fine sandy loam 
1197 Roxana very fine sandy loam, undulating 
1198 Tensas silty clay loam 
1199 Mhoon silty clay loam 
1200 Commerce soils, occasionally flooded 
1201 Convent silt loam 
1202 Bruin very fine sandy loam 
1203 Robinsonville and Commerce soils, occasionally flooded 
1204 Sharkey soils, occasionally flooded 
1205 Vacherie silt loam 
1206 Fausse clay, 0 to 1 percent slopes, frequently flooded 
1207 Commerce silty clay loam, gently undulating 
1208 Bruin very fine sandy loam, gently undulating 
1209 Sharkey soils, frequently flooded 
1210 Norwood silt loam 
1211 Fausse soils, frequently flooded 
1212 Convent soils, occasionally flooded 
1213 Fausse soils 
1214 Crevasse loamy sand, frequently flooded 
1215 Latanier and Moreland soils, undulating, occasionally flooded 
1216 Robinsonville and Convent soils, occasionally flooded 
1217 Commerce soils, gently undulating, occasionally flooded 
1218 Cahaba-Bienville-Guyton complex, gently undulating 
1219 Caddo-Messer complex, 0 to 1 percent slopes 
1220 Guyton-Messer complex 
1221 Kinder-Messer complex 
1222 Kinder-Vidrine complex, 0 to 1 percent slopes 
1223 Mamou silt loam 
1224 Crowley-Vidrine complex 
1225 Frost silt loam 
1226 Gore (cadeville) very fine sandy loam, 1 to 5 percent slopes 
1227 Frost silt loam, occasionally flooded 
1228 Basile and Brule, 0 to 3 percent slopes, frequently flooded 
1229 Crowley-Vidrine silt loams, 1 to 3 percent slopes 
1230 Caddo-Messer complex, undulating 
1231 Savannah very fine sandy loam, 1 to 3 percent slopes 
1232 Midland silty clay loam 
1233 Tenot silt loam, 1 to 3 percent slopes 
1234 Duralde silt loam, 1 to 3 percent slopes 
1235 Iota silt loam, 3 to 8 percent slopes 
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1236 Coteau silt loam, 1 to 3 percent slopes, eroded 
1237 Evangeline silt loam, 1 to 3 percent slopes, eroded 
1238 Loring silt loam, 3 to 5 percent slopes, eroded 
1239 Calhoun-Duralde complex 
1240 Evangeline silt loam, 3 to 5 percent slopes, eroded 
1241 Kenney fine sand, sandy subsoil variant, hilly 
1242 Dossman soils, 8 to 30 percent slopes 
1243 McKamie soils, 8 to 30 percent slopes 
1244 Cascilla silt loam, frequently flooded 
1245 Latanier clay 
1246 Dossman silt loam, 1 to 5 percent slopes, eroded 
1247 Mamou silt loam, 1 to 3 percent slopes 
1248 Patoutville silt loam, 1 to 3 percent slopes, eroded 
1249 Patoutville-Crowley complex 
1250 Tenot-Calhoun complex 
1251 Jeanerette silt loam 
1252 Blevins very fine sandy loam, 3 to 5 percent slopes 
1253 Sugartown very fine sandy loam, 3 to 5 percent slopes 
1254 Sugartown very fine sandy loam, 5 to 8 percent slopes 
1255 Doucette loamy fine sand, 5 to 8 percent slopes 
1256 Blevins very fine sandy loam, 1 to 3 percent slopes 
1257 Osier sand, 0 to 2 percent slopes 
1258 Beauregard silt loam, 3 to 5 percent slopes 
1259 Merryville-Bearhead complex 
1260 Bearhead-Merryville complex, gently undulating 
1261 Sugartown very fine sandy loam, 1 to 3 percent slopes 
1262 Spurger fine sandy loam, 1 to 5 percent slopes 
1263 Iuka-Mantachie complex, frequently flooded 
1264 Betis fine sand, 5 to 8 percent slopes 
1265 Doucette loamy fine sand, 1 to 5 percent slopes 
1266 Guyton-Messer silt loams 
1267 Malbis fine sandy loam, 5 to 8 percent slopes 
1268 Bienville-Guyton complex, gently undulating 
1269 Dubach-Bearhead fine sandy loams, gently undulating 
1270 Betis fine sand, 1 to 5 percent slopes 
1271 Brimstone silt loam 
1272 Blevins very fine sandy loam, 5 to 8 percent slopes 
1273 Acadia silt loam, 3 to 5 percent slopes 
1274 Gore very fine sandy loam, 12 to 20 percent slopes 
1275 Boykin loamy fine sand, 5 to 8 percent slopes 
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1276 Kolin silt loam, 3 to 5 percent slopes 
1277 Kirbyville-Niwana fine sandy loams, 1 to 3 percent slopes 
1278 Coteau silt loam, 0 to 1 percent slopes 
1279 Patoutville silt, 0 to 1 percent slopes 
1280 Basile and Wrightsville soils, frequently flooded 
1281 Patoutville silt loam, 1 to 3 percent slopes 
1282 Baldwin silty clay loam 
1283 Fausse and Sharkey soils 
1284 Frost silt loam, 0 to 1 percent slopes 
1285 Memphis silt loam, 1 to 5 percent slopes 
1286 Frost silt loam, 0 to 1 percent slopes, occasionally flooded 
1287 Jeanerette silt loam, 0 to 1 percent slopes 
1288 Judice silty clay loam 
1289 Lebeau clay, occasionally flooded 
1290 Loreauville silt loam 
1291 Iberia clay 
1292 Duson silt loam, 1 to 3 percent slopes 
1293 Gallion-Perry complex, gently undulating 
1294 Lebeau clay 
1295 Loring silt loam, 5 to 8 percent slopes 
1296 Patoutville-Crowley silt loams, 0 to 1 percent slopes 
1297 Mowata silt loam, 0 to 1 percent slopes 
1298 Convent very fine sandy loam, gently undulating 
1299 Commerce and Convent soils, gently undulating, frequently flooded 
1300 Frozard silt loam 
1301 Acadiana silt loam, 1 to 3 percent slopes 
1302 Baldwin-Sharkey complex, gently undulating 
1303 Memphis silt loam, 0 to 1 percent slopes 
1304 Falaya soils, frequently flooded 
1305 Convent-Commerce complex, gently undulating, occasionally flooded 
1306 Muskogee-Loring association, 8 to 20 percent slopes, severely eroded 
1307 Kinder-Vidrine silt loams, 0 to 1 percent slopes 
1308 Udorthents, 1 to 20 percent slopes 
1309 Larose mucky clay 
1310 Leton silt loam 
1311 Clovelly muck 
1312 Edgerly loam, 0 to 1 percent slopes 
1313 Crowley-Vidrine silt loams 
1314 Kinder-Messer silt loams 
1315 Arat mucky silt loam 
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1316 Mowata-Vidrine silt loams 
1317 Bienville-Cahaba-Guyton-Complex, gently undulating 
1318 Guyton and Bienville soils frequently flooded 
1319 Gentilly muck 
1320 Messer silt loam, 1 to 8 percent slopes 
1321 Ged clay 
1322 Aquents, frequently flooded 
1323 Messer-Guyton silt loams, gently undulating 
1324 Urbo silty clay loam, occasionally flooded 
1325 Udifluvents, 1 to 20 percent slopes 
1326 Vidrine silt loam, 1 to 3 percent slopes 
1327 Leton silt loam, occasionally flooded 
1328 Allemands peat 
1329 Kaplan silt loam, 0 to 1 percent slopes 
1330 Kaplan silt loam, 1 to 3 percent slopes 
1331 Crowley-Vidrine silt loams, 0 to 1 percent slopes 
1332 Midland silt loam 
1333 Judice silty clay 
1334 Allemands muck, 0 to 0.2 percent slopes, very frequently flooded 
1335 Pineisland loam, 1 to 3 percent slopes 
1336 Guyton and Bienville soils, frequently flooded 
1337 Basile and Brule soils, 0 to 3 percent slopes, frequently flooded 
1338 Crowley silt loam, 1 to 3 percent slopes 
1339 Midland silty clay loam, 0 to 1 percent slopes, occasionally flooded 
1340 Crowley-Midland complex, 0 to 1 percent slopes 
1341 Midland silty clay loam, 0 to 1 percent slopes 
1342 Crowley silt loam, 0 to 1 percent slopes 
1343 Aquents dredged,0 to 3 percent slopes, frequently flooded 
1344 Mowata silt loam, 0 to 1 percent slopes, occasionally flooded 
1345 Judice silty clay loam, 0 to 1 percent slopes 
1346 Dowling soils, frequently flooded 
1347 Convent soils, frequently flooded 
1348 Sharkey and Fausse soils 
1349 Schriever-Fausse soils 
1350 Carville soils, undulating, frequently flooded 
1351 Fausse association, 0 to 1 percent slopes, frequently flooded 
1352 Gramercy silty clay loam, 0 to 1 percent slopes 
1353 Schriever clay, 0 to 1% slopes, frequently flooded 
1354 Acy silt loam 
1355 Patoutville silt loam 
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1356 Frost soils, occasionally flooded 
1357 Udifluvents, loamy 
1358 Mowata-Frost complex 
1359 Iberia silty clay 
1360 Coteau-Frost complex, gently undulating 
1361 Memphis-Frost complex, gently undulating 
1362 Basile soils, frequently flooded 
1363 Haplaquolls, occasionally flooded 
1364 Tensas silty clay loam, 0 to 1 percent slopes 
1365 Aquents, dredged, 1 to 5 percent slopes, occasionally flooded 
1366 Carville-Barbary association 
1367 Coteau silt loam 
1368 Convent association, occasionally flooded 
1369 Schriever clay, 0 to 1 percent slopes 
1370 Memphis silt loam, 1 to 3 percent slopes 
1371 Carville and Schriever soils, undulating, frequently flooded 
1372 Hydraquents, Carville, and Glenwild soils, undulating, flooded 
1373 Dupuy silt loam, 0 to 1 percent slopes 
1374 Dupuy-Schriever complex, gently undulating 
1375 Ged mucky clay 
1376 Kaplan silt loam 
1377 Scatlake mucky clay 
1378 Hackberry loamy fine sand 
1379 Creole mucky clay 
1380 Beaches, coastal 
1381 Peveto fine sand, 1 to 3 percent slopes 
1382 Hackberry-Mermentau complex, gently undulating 
1383 Larose muck 
1384 Mermentau clay 
1385 Bancker muck 
1386 Water, large 
1387 Lafitte muck 
1388 Delcomb muck 
1389 Gueydan muck 
1390 Allemands mucky peat 
1391 Patoutville silt loam, 0 to 1 percent slopes 
1392 Crowley-Patoutville silt loams 
1393 Creole muck 
1394 Cheniere sandy clay loam, 1 to 3 percent slopes 
1395 Barbary muck, 0 to 1% slope, frequently flooded 
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1396 Beach, coastal 
1397 Andry muck, drained 
1398 Andry muck 
1399 Judice-Kaplan complex, gently undulating 
1400 Hackberry sandy clay loam, overwash 
1401 Dundee very fine sandy loam 
1402 Coteau-Patoutville-Frost silt loams, gently undulating 
1403 Delcomb association 
1404 Lafitte association 
1405 Fausse-Carville association 
1406 Iberia silty clay loam, frequently flooded 
1407 Scatlake association 
1408 Galvez silt loam 
1409 Alligator soils, frequently flooded 
1410 Placedo association 
1411 Frost silt loam, overwash 
1412 Schriever clay, occasionally flooded 
1413 Andry association 
1414 Maurepas association 
1415 Jeanerette-Coteau complex, 3 to 8 percent slopes 
1416 Alligator-Galvez complex 
1417 Memphis association, hilly 
1418 Galvez silt loam, 0 to 1 percent slopes 
1419 Larose muck, very frequently flooded 
1420 Kenner muck, 0 to 1 percent slopes, very frequently flooded 
1421 Carville and Hydraquents soils, undulating, flooded 
1422 Iberia clay, 0 to 1 percent slopes 
1423 Bancker muck, tidal 
1424 Loreauville silt loam, 0 to 1 percent slopes 
1425 Baldwin silty clay loam, 0 to 1 percent slopes 
1426 Iberia clay, frequently flooded 
1427 Clovelly muck, very frequently flooded 
1428 Harahan and Allemands soils, drained 
1429 Maurepas muck, frequently flooded 
1430 Aquents, dredged 
1431 Balize silt loam, very frequently flooded 
1432 Uderts and Glenwild soils, 0 to 3 percent slopes, smoothed 
1433 Lafitte muck, very frequently flooded 
1434 Coteau silt, 0 to 1 percent slopes 
1435 Harahan clay 
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1436 Dupuy silt loam, 0 to 1 percent slopes, occasionally flooded 
1437 Kleinpeter silt, 1 to 5 percent slopes 
1438 Duson silt, 5 to 12 percent slopes 
1440 Scatlake muck, tidal 
1441 Rexor silt loam, 0 to 1 percent slopes, occasionally flooded 
1442 Bengal-Clebit-Clearview complex, 5 to 30 percent slopes 
1443 Clearview fine sandy loam, 3 to 5 percent slopes, eroded 
1444 Dela fine sandy loam, 0 to 1 percent slopes, occasionally flooded 
1445 Parsons silt loam, 1 to 3 percent slopes 
1446 Dennis loam, 1 to 3 percent slopes 
1447 Bengal-Clebit-Rock outcrop complex, 30 to 60 percent slopes 
1448 Clearview fine sandy loam, 3 to 5 percent slopes 
1449 Cupco silt loam, 0 to 1 percent slopes, occasionally flooded 
1450 Talihina-Eram-Collinsville complex, 5 to 20 percent slopes 
1451 Dennis-Pharoah-Eram complex, 3 to 5 percent slopes, severely eroded 
1452 Rexor and Verdigris soils, 0 to 1 percent slopes, frequently flooded 
1453 Clebit-Clearview complex, 3 to 5 percent slopes 
1454 Counts loam, 0 to 1 percent slopes 
1455 Eram clay loam, 3 to 5 percent slopes 
1456 Clearview fine sandy loam, 1 to 3 percent slopes 
1457 Bates-Coweta complex, 3 to 5 percent slopes 
1458 Dennis loam, 3 to 5 percent slopes, eroded 
1459 Bates fine sandy loam, 1 to 3 percent slopes, eroded 
1460 Parsons-Pharoah complex, 1 to 3 percent slopes, eroded 
1461 Clebit-Clearview complex, 3 to 8 percent slopes, severely eroded 
1462 Bates fine sandy loam, 1 to 3 percent slopes 
1463 Parsons silt loam, 0 to 1 percent slopes 
1464 Eram clay loam, 3 to 5 percent slopes, eroded 
1465 Verdigris silt loam, 0 to 1 percent slopes, occasionally flooded 
1466 Tuskahoma-Sobol complex, 3 to 8 percent slopes 
1467 Tuskahoma-Sobol complex, 8 to 20 percent slopes 
1468 Clodine variant-Wilburton variant complex, 0 to 3 percent slopes 
1469 Tamaha silt loam, 3 to 5 percent slopes 
1470 Ceda-Rubble land complex, 0 to 2 percent slopes, frequently flooded 
1471 Yanush-Sobol complex, 5 to 20 percent slopes 
1472 Bigfork-Yanush association, 20 to 45 percent slopes 
1473 Wister silt loam, 1 to 3 percent slopes 
1474 Carnasaw-Clebit-Rock outcrop complex, 3 to 8 percent slopes 
1475 Wetsaw-Bernow variant complex, 0 to 2 percent slopes 
1476 Yanush gravelly silt loam, 3 to 8 percent slopes 
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1477 Yanush gravelly silt loam, 1 to 3 percent slopes 
1478 Denman-Carnasaw association, 8 to 30 percent slopes 
1479 Carnasaw-Clebit association, 8 to 30 percent slopes 
1480 Yanush gravelly silt loam, 8 to 20 percent slopes 
1481 Shermore fine sandy loam, 3 to 5 percent slopes 
1482 Neff silt loam, 0 to 1 percent slopes, occasionally flooded 
1483 Ceda gravelly silt loam, 0 to 2 percent slopes, frequently flooded 
1484 Neff and Rexor soils, 0 to 1 percent slopes, frequently flooded 
1485 Ceda gravelly silt loam, 0 to 2 precent slopes, occasionally flooded 
1486 Clebit-Pirum-Rock outcrop complex, 15 to 40 percent slopes 
1487 Counts-Wing complex, 1 to 3 percent slopes 
1488 Wilburton cobbly loam, 8 to 20 percent slopes 
1489 Sallisaw loam, 1 to 3 percent slopes 
1490 Bengal-Denman association, 8 to 20 percent slopes 
1491 Stigler silt loam, 1 to 3 percent slopes 
1492 Wilburton cobbly loam, 3 to 8 percent slopes 
1493 Pirum-Carnasaw-Panama association, 12 to 25 percent slopes 
1494 Octavia-Carnasaw-Clebit association, 30 to 45 percent slopes, cool 
1495 Shermore fine sandy loam, 1 to 3 percent slopes 
1496 Stigler silt loam, 0 to 1 percent slopes 
1497 Pirum fine sandy loam, 3 to 5 percent slopes 
1498 Shermore fine sandy loam, 3 to 5 percent slopes, eroded 
1499 Pirum fine sandy loam, 1 to 3 percent slopes 
1500 Large dam 
1501 Counts-Rexor complex, 0 to 12 percent slopes 
1502 Tamaha silt loam, 1 to 3 percent slopes 
1503 Speer fine sandy loam, 0 to 1 percent slopes, occasionally flooded 
1504 Octavia-Carnasaw complex, 15 to 35 percent slopes, cool 
1505 Sherless-Bengal complex, 3 to 15 percent slopes 
1506 Carnasaw-Pirum complex, 15 to 35 percent slopes 
1507 Pirum-Carnasaw-Caston complex, 35 to 60 percent slopes, cool 
1508 Carnasaw-Pirum complex, 4 to 15 percent slopes 
1509 Kenn-Ceda complex, 0 to 2 percent slopes, occasionally flooded 
1510 Wetsaw fine sandy loam, 1 to 3 percent slopes 
1511 Wetsaw fine sandy loam, 3 to 5 percent slopes 
1512 Sallisaw stony loam, 3 to 15 percent slopes 
1513 Pirum-Octavia-Panama association, 30 to 50 percent slopes 
1514 Speer-Neff association, 1 to 3 percent slopes, occasionally flooded 
1515 Bengal-Octavia-Tuskahoma complex, 4 to 20 percent slopes 
1516 Clebit-Carnasaw-Pirum complex, 4 to 35 percent slopes, cool 
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1517 Carnasaw-Octavia complex, 35 to 50 percent slopes 
1518 Tuskahoma stony loam, 2 to 15 percent slopes 
1519 Carnasaw stony loam, 4 to 15 percent slopes 
1520 Sallisaw loam, 3 to 5 percent slopes 
1521 Tuskahoma loam, 3 to 12 percent slopes 
1522 Carnasaw stony loam, 15 to 35 percent slopes 
1523 Bengal-Octavia complex, 15 to 40 percent slopes 
1524 Wing silt loam, 0 to 2 percent slopes 
1525 Norwood loam, 0 to 1 percent slopes, rarely flooded 
1526 Dela fine sandy loam, 0 to 2 percent slopes, occasionally flooded 
1527 Wister silt loam, 3 to 5 percent slopes 
1528 Shermore fine sandy loam, 3 to 8 percent slopes, gullied 
1529 Sallisaw loam, 3 to 5 percent slopes, eroded 
1530 Pushmataha loam, 0 to 1 percent slopes, occasionally flooded 
1531 Pushmataha, Elysian, and Guyton soils, 0 to 3 percent slopes 
1532 Pirum-Clebit complex, 3 to 5 percent slopes 
1533 Wister silt loam, 0 to 1 percent slopes 
1534 Tamaha silt loam, 0 to 1 percent slopes 
1535 Rexor loam, 0 to 1 percent slopes, occasionally flooded 
1536 Bernow fine sandy loam, 1 to 5 percent slopes, eroded 
1537 Carnasaw-Clebit complex, 3 to 5 percent slopes 
1538 Bosville fine sandy loam, 5 to 12 percent slopes 
1539 Bernow-Romia complex, 8 to 12 percent slopes 
1540 Carnasaw-Clebit complex, 5 to 8 percent slopes 
1541 Eram clay loam, 5 to 8 percent slopes 
1542 Bernow fine sandy loam, 5 to 8 percent slopes 
1543 Dennis and Eram soils, 3 to 8 percent slopes, severely eroded 
1544 Bernow fine sandy loam, 3 to 5 percent slopes 
1545 Bosville fine sandy loam, 1 to 3 percent slopes 
1546 Bernow fine sandy loam, 1 to 3 percent slopes 
1547 Eram-Talihina complex, 5 to 20 percent slopes 
1548 Carnasaw-Clebit association, 8 to 25 percent slopes 
1549 Guyton silt loam, 0 to 1 percent slopes, occasionally flooded 
1550 Lightning silt loam, 0 to 1 percent slopes, occasionally flooded 
1551 Bosville fine sandy loam, 3 to 5 percent slopes 
1552 Hamden fine sandy loam, 0 to 2 percent slopes 
1553 Larue loamy fine sand, 0 to 3 percent slopes 
1554 Rexor-Dela complex, 0 to 1 percent slopes, frequently flooded 
1555 Parsons silt loam, 1 to 3 percent slopes, eroded 
1556 Carnasaw-Clebit association, 25 to 45 percent slopes 
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1557 Bernow fine sandy loam, 3 to 8 percent slopes, gullied 
1558 Boggy fine sandy loam, 0 to 1 percent slopes, frequently flooded 
1559 Larue loamy fine sand, 3 to 8 percent slopes 
1560 Bernow fine sandy loam, 0 to 1 percent slopes 
1561 Bates fine sandy loam, 3 to 5 percent slopes 
1562 Ceda-Rubble land complex, 0 to 3 percent slopes, frequently flooded 
1563 Sobol-Tuskahoma association, 8 to 12 percent slopes 
1564 Tuskahoma-Clebit-Sobol association, 8 to 12 percent slopes 
1565 Speer loam, 1 to 3 percent slopes, rarely flooded 
1566 Moyers-Burwell complex, 1 to 3 percent slopes 
1567 Honobia-Nashoba association, 8 to 12 percent slopes 
1568 Sherwood-Zafra association, 5 to 12 percent slopes 
1569 Clebit-Rock outcrop association, 20 to 45 percent slopes 
1570 Wister-Burwell complex, 1 to 3 percent slopes 
1571 Guyton-Elysian complex, 0 to 3 percent slopes 
1572 Carnasaw-Pirum-Clebit association, 12 to 20 percent slopes 
1573 Alikchi loam, 1 to 3 percent slopes 
1574 Moyers, Wister, and Burwell soils, 1 to 5 percent slopes, gullied 
1575 Sherwood-Zafra association, 3 to 5 percent slopes 
1576 Smithdale fine sandy loam, 5 to 8 percent slopes 
1577 Carnasaw-Stapp association, 8 to 12 percent slopes 
1578 Sobol clay loam, 3 to 5 percent slopes 
1579 Moyers-Burwell complex, 3 to 5 percent slopes 
1580 Saffell gravelly sandy loam, 5 to 20 percent slopes 
1581 Glenpool loamy fine sand, 3 to 12 percent slopes 
1582 Bernow, Romia, and Bosville soils, 2 to 12 percent slopes, gullied 
1583 Wrightsville-Elysian complex, 0 to 3 percent slopes 
1584 Ruston loamy fine sand, 0 to 3 percent slopes 
1585 Glenpool loamy fine sand, 0 to 3 percent slopes 
1586 Dela fine sandy loam, 0 to 2 percent slopes, frequently flooded 
1587 Saffell gravelly sandy loam, 3 to 5 percent slopes 
1588 Alikchi silt loam, 0 to 2 percent slopes, deep 
1589 Kullit fine sandy loam, 0 to 1 percent slopes 
1590 Carnasaw-Pirum-Clebit association, 12 to 20 percent slopes, dry 
1591 Clebit-Pirum-Carnasaw association, 20 to 45 percent slopes, dry 
1592 Wister-Burwell complex, 0 to 1 percent slopes 
1593 Ruston loamy fine sand, 3 to 8 percent slopes 
1594 Yanush gravelly silt loam, 5 to 20 percent slopes 
1595 Clebit-Pirum-Carnasaw association, 20 to 45 percent slopes 
1596 Ceda gravelly silt loam, 0 to 2 percent slopes, occasionally flooded 
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1597 Yanush gravelly silt loam, 3 to 5 percent slopes 
1598 Nahatche sandy loam, 0 to 1 percent slopes, frequently flooded 
1599 Carnasaw-Stapp association, 8 to 12 percent slopes, dry 
1600 Hollywood-Swink complex, 3 to 8 percent slopes 
1601 Boggy-Pushmataha complex, 0 to 1 percent slopes, frequently flooded 
1602 Cahaba and Tiak soils, 3 to 8 percent slopes, severely eroded 
1603 Adaton loam, 0 to 3 percent slopes 
1604 Tiak-Ruston complex, 1 to 5 percent slopes 
1605 Hollywood silty clay, 1 to 3 percent slopes 
1606 Tiak fine sandy loam, 5 to 8 percent slopes 
1607 Saffell gravelly fine sandy loam, 1 to 5 percent slopes 
1608 Cahaba fine sandy loam, 0 to 1 percent slopes 
1609 Pickens gravelly silt loam, 5 to 15 percent slopes 
1610 Sherwood fine sandy loam, 3 to 5 percent slopes 
1611 Tiak-Ruston complex, 5 to 15 percent slopes 
1612 Sallisaw loam, 0 to 1 percent slopes 
1613 Clebit-Carnasaw-Stapp association, 12 to 20 percent slopes 
1614 Sherwood-Zafra complex, 5 to 12 percent slopes 
1615 Blevins fine sandy loam, 1 to 3 percent slopes 
1616 Sherwood fine sandy loam, 3 to 5 percent slopes, eroded 
1617 Saffell gravelly fine sandy loam, 5 to 12 percent slopes 
1618 Sherwood-Zafra complex, 1 to 5 percent slopes 
1619 Frizzell loam, 0 to 1 percent slopes, occasionally flooded 
1620 Carnasaw-Clebit association, 12 to 20 percent slopes 
1621 Sherwood fine sandy loam, 1 to 3 percent slopes 
1622 Carnasaw-Zafra complex, 1 to 8 percent slopes 
1623 Clebit-Rock outcrop complex, 35 to 60 percent slopes 
1624 Alikchi loam, 0 to 3 percent slopes 
1625 Newtonia silt loam, 1 to 3 percent slopes 
1626 Muskogee loam, 1 to 3 percent slopes 
1627 Cadeville loam, 3 to 5 percent slopes 
1628 Ruston fine sandy loam, 3 to 8 percent slopes, eroded 
1629 Cahaba loamy fine sand, 3 to 8 percent slopes 
1630 Swink-Hollywood complex, 5 to 20 percent slopes 
1631 Tiak fine sandy loam, 3 to 5 percent slopes 
1632 Coushatta silty clay loam, 0 to 1 percent slopes, rarely flooded 
1633 Panola silty clay loam, 0 to 3 percent slopes 
1634 Felker loam, 0 to 2 percent slopes 
1635 Clebit-Carnasaw-Stapp association, 20 to 40 percent slopes 
1636 Pickens-Alikchi complex, 0 to 3 percent slopes 
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1637 Stapp fine sandy loam, 5 to 15 percent slopes 
1638 Cahaba loamy fine sand, 0 to 3 percent slopes 
1639 Tomast silt loam, 0 to 2 percent slopes 
1640 Tinn-Roebuck complex, 0 to 1 percent slopes, occasionally flooded 
1641 Idabel silt loam, 0 to 1 percent slopes, rarely flooded 
1642 Alusa loam, 0 to 1 percent slopes 
1643 Hollywood silty clay, 3 to 5 percent slopes 
1644 Kinta clay loam, 0 to 2 percent slopes 
1645 Rexor-Guyton complex, 0 to 3 percent slopes, frequently flooded 
1646 Sumter silty clay loam, 3 to 12 percent slopes 
1647 Tiak fine sandy loam, 1 to 3 percent slopes 
1648 Gallion very fine sandy loam, 0 to 1 percent slopes 
1649 Garton silt loam, 0 to 1 percent slopes, rarely flooded 
1650 Caspiana loam, 0 to 1 percent slopes 
1651 Wrightsville-Elysian complex, 0 to 5 percent slopes 
1652 Oklared very fine sandy loam, 0 to 1 percent slopes, occasionally flooded 
1653 Redlake clay, 0 to 1 percent slopes, occasionally flooded 
1654 Tinn clay, 0 to 1 percent slopes, rarely flooded 
1655 Tuscumbia clay, 0 to 1 percent slopes, frequently flooded 
1656 Roebuck clay, 0 to 1 percent slopes, ponded 
1657 Quarry 
1658 Tenaha loamy fine sand, 5 to 8 percent slopes 
1659 Speer fine sandy loam, 0 to 1 percent slopes, rarely flooded 
1660 Tenaha and Smithdale soils, 2 to 12 percent slopes, gullied 
1661 Bosville fine sandy loam, 8 to 15 percent slopes 
1662 Ships clay, 0 to 1 percent slopes, rarely flooded 
1663 Smithdale fine sandy loam, 3 to 8 percent slopes, eroded 
1664 Panola silt loam, 0 to 1 percent slopes 
1665 Tenaha-Kirvin association, 12 to 20 percent slopes 
1666 Wrightsville-Elysian complex, 0 to 1 percent slopes 
1667 Larue loamy fine sand, 3 to 5 percent slopes 
1668 Bernow, Bosville, and Romia soils, 3 to 8 percent slopes, gullied 
1669 Bernow-Romia complex, 3 to 8 percent slopes, eroded 
1670 Clebit-Tuskahoma association, 8 to 12 percent slopes 
1671 Muskogee silt loam, 1 to 3 percent slopes 
1672 Bosville fine sandy loam, 5 to 8 percent slopes 
1673 Lula silt loam, 1 to 3 percent slopes 
1674 Saffell gravelly fine sandy loam, 3 to 8 percent slopes 
1675 Roebuck clay, 0 to 1 percent slopes, occasionally flooded 
1676 Oklared very fine sandy loam, 0 to 1 percent slopes, rarely flooded 
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1677 Karma fine sandy loam, 0 to 1 percent slopes 
1678 Ferris clay, 3 to 5 percent slopes, eroded 
1679 Bosville fine sandy loam, 5 to 8 percent slopes, eroded 
1680 Heiden clay, 3 to 5 percent slopes 
1681 Hopco silty clay loam, 0 to 1 percent slopes, occasionally flooded 
1682 Durant silt loam, 1 to 3 percent slopes 
1683 Garton silty clay loam, 0 to 1 percent slopes, rarely flooded 
1684 Latanier clay, 0 to 1 percent slopes, occasionally flooded 
1685 Mountainburg gravelly fine sandy loam, 8 to 12 percent slopes 
1686 Linker fine sandy loam, 3 to 8 percent slopes 
1687 Linker fine sandy loam, 8 to 12 percent slopes 
1688 Mountainburg gravelly fine sandy loam, 3 to 8 percent slopes 
1689 Mountainburg very stony fine sandy loam, 12 to 40 percent slopes 
1690 Leadvale silt loam, 1 to 3 percent slopes 
1691 Linker fine sandy loam, 1 to 3 percent slopes 
1692 Enders gravelly fine sandy loam, 12 to 45 percent slopes 
1693 Leadvale silt loam, 3 to 8 percent slopes 
1694 Enders gravelly fine sandy loam, 8 to 12 percent slopes 
1695 Mountainburg very stony fine sandy loam, 8 to 12 percent slopes 
1696 Amy soils, frequently flooded 
1697 Enders gravelly fine sandy loam, 3 to 8 percent slopes 
1698 Taft silt loam, 0 to 2 percent slopes 
1699 Linker-Mountainburg association, 12 to 40 percent slopes 
1700 Linker-Mountainburg association, 8 to 12 percent slopes 
1701 Ouachita silt loam, occasionally flooded 
1702 Spadra fine sandy loam, 1 to 3 percent slopes 
1703 Carnasaw-Sherless complex, 8 to 15 percent slopes, very stony 
1704 Avilla fine sandy loam, 1 to 6 percent slopes 
1705 Carnasaw-Zafra-Clebit complex, 15 to 35 percent slopes, rubbly 
1706 Carnasaw-Sherless complex 3 to 8 percent slopes 
1707 Zafra-Carnasaw-Clebit complex, 35 to 60 percent slopes, rubbly 
1708 Ceda gravelly loam, 0 to 3 percent slopes, frequently flooded 
1709 Carnasaw-Sherless complex, 15 to 35 percent slopes, extremely stony 
1710 Kenn gravelly fine sandy loam, 0 to 3 percent slopes, occasionally flooded 
1711 Speer fine sandy loam, 0 to 2 percent slopes, occasionally flooded 
1712 Guthrie silt loam, 0 to 1 percent slopes, occasionally flooded 
1713 Carnasaw-Pirum complex, 3 to 15 percent slopes, rubbly 
1714 Octavia-Carnasaw-Caston complex, 35 to 60 percent slopes, rubbly 
1715 Neff loam, 0 to 2 percent slopes, rarely flooded 
1716 Leadvale silt loam, 1 to 8 percent slopes 
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1717 Mena gravelly silt loam, 1 to 6 percent slopes 
1719 Barling silt loam, 0 to 2 percent slopes, occasionally flooded 
1720 Kenn-Ceda complex, 0 to 3 percent slopes, fequently flooded, extremely stony 
1721 Kenn-Ceda complex, 0 to 2 percent slopes, ocasionally flooded 
1722 Cupco silt loam, 0 to 2 percent slopes, rarely flooded 
1723 Bengal-Carnasaw-Clebit complex, 15 to 35 percent slopes, extremely stony 
1724 Sherless-Littlefir-Nashoba complex, 8 to 15 percent slopes, very stony 
1725 Ceda-Rubble land complex, 1 to 3 percent slopes, frequently flooded, rubbly 
1726 Sherless gravelly fine sandy loam, 1 to 8 percent slopes 
1727 Octavia-Carnasaw complex 15 to 35 percent slopes, rubbly 
1728 Clebit-Carnasaw-Rock outcrop complex, 3 to 15 percent slopes, very rubbly (158) 
1729 Bismarck-Littlefir complex, 8 to 15 percent slopes 
1730 Sherless-Littlefir complex, 3 to 8 percent slopes 
1731 Nashoba-Bismarck-Sherless complex, 15 to 35 percent slopes, rubbly 
1732 Mazarn silt loam, 0 to 3 percent slopes 
1733 Carnasaw-Sherless-Clebit complex, 20 to 35 percent slopes 
1734 Clebit-Sherless-Carnasaw complex, 35 to 60 percent slopes 
1735 Carnasaw-Sherless-Clebit complex, 8 to 20 percent slopes 
1736 Carnasaw-Sherless-Clebit complex, 3 to 8 percent slopes 
1737 Carnasaw-Octavia complex, 15 to 35 percent slopes 
1738 Kenn-Ceda complex, frequently flooded 
1739 Octavia-Carnasaw-Caston complex, 35 to 60 percent slopes 
1740 Carnasaw gravelly silt loam, 3 to 8 percent slopes 
1741 Carnasaw-Pirum association, undulating 
1742 Carnasaw-Pirum-Clebit association, steep 
1743 Carnasaw-Pirum-Clebit association, rolling 
1744 Spadra fine sandy loam, 0 to 2 percent slopes 
1745 Ceda gravelly loam, frequently flooded 
1746 Clebit-Carnasaw-Pirum association, very steep 
1747 Guthrie silt loam, occasionally flooded 
1748 Sherwood fine sandy loam, 3 to 8 percent slopes 
1749 Allen loam, 3 to 8 percent slopes 
1750 Linker-Mountainburg association, moderately steep 
1751 Perry clay, 0 to 1 percent slopes, rarely flooded 
1752 Amy complex, undulating 
1753 Carnasaw-Mountainburg association, steep 
1754 Rexor silt loam, frequently flooded 
1755 Leadvale-Urban land complex, 3 to 8 percent slopes 
1756 Linker-Urban land complex, 3 to 8 percent slopes 
1757 Sallisaw-Urban land complex, 3 to 8 percent slopes 
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1758 Carnasaw-Urban land complex, 3 to 8 percent slopes 
1759 Carnasaw-Mountainburg association, undulating 
1760 Latanier silty clay 
1761 Bruno fine sandy loam 
1762 Guthrie-Leadvale complex, undulating 
1763 Mountainburg stony fine sandy loam, 3 to 12 percent slopes 
1764 Linker gravelly fine sandy loam, 3 to 8 percent slopes 
1765 Keo silt loam 
1766 Mountainburg-Urban land complex, 3 to 12 percent slopes 
1767 Smithdale-Urban land complex, 3 to 8 percent slopes 
1768 Sallisaw gravelly silt loam, 1 to 3 percent slopes 
1769 Smithdale fine sandy loam, 3 to 8 percent slopes 
1770 Keo-Urban land complex 
1771 Carnasaw-Urban land complex, 8 to 12 percent slopes 
1772 Leadvale-Urban land complex, 1 to 3 percent slopes 
1773 Norwood silty clay loam 
1774 Amy-Urban land complex 
1775 Perry Urban land complex, 0 to 1 percent slopes 
1776 Rilla-Urban land complex, 0 to 1 percent slopes 
1777 Sallisaw gravelly silt loam, 3 to 8 percent slopes 
1778 Rilla silt loam, 3 to 5 percent slopes 
1779 Sallisaw-Leadvale association, undulating 
1780 Moreland silty clay 
1781 Tiak-Urban land complex, 3 to 8 percent slopes 
1782 Amy silt loam 
1783 Crevasse fine sand 
1784 Pits, quarries 
1785 Wrightsville-Urban land complex 
1786 Mountainburg-Urban land complex, 12 to 40 percent slopes 
1787 Bruno-Urban land complex 
1788 Carnasaw gravelly silt loam, 8 to 12 percent slopes 
1789 Rilla-Perry complex, undulating 
1790 Umbraqualfs, clayey 
1791 Rexor-Urban land complex, frequently flooded 
1792 Perry silty clay, 0 to 1 percent slopes 
1793 Portland silty clay, 0 to 1 percent slopes 
1794 Keo silt loam, 0 to 1 percent slopes 
1795 Calhoun silt loam, 0 to 1 percent slopes 
1796 Stuttgart silt loam, 1 to 3 percent slopes 
1797 Dewitt silt loam, 0 to 1 percent slopes 
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1798 Stuttgart silt loam, 0 to 1 percent slopes 
1799 Immanuel silt loam, 1 to 3 percent slopes 
1800 Immanuel silt loam, 3 to 8 percent slopes 
1801 Muskogee silt loam, 3 to 8 percent slopes 
1802 Tichnor silt loam, frequently flooded 
1803 Keo silt loam, 1 to 3 percent slopes 
1804 Hebert silt loam, 0 to 1 percent slopes 
1805 Yorktown silty clay, ponded, 0 to 1 percent slopes, frequently flooded 
1806 Perry silty clay, 0 to 1 percent slopes, frequently flooded 
1807 Calloway silt loam, 0 to 1 percent slopes 
1808 Sawyer silt loam, 3 to 8 percent slopes 
1809 Oaklimeter silt loam, occasionally flooded 
1810 Moreland silty clay, 0 to 1 percent slopes 
1811 Linker-Enders-Mountainburg complex, 12 to 25 percent slopes 
1812 Immanuel-McKamie complex, 8 to 20 percent slopes 
1813 Kobel silty clay loam, 0 to 1 percent slopes 
1814 Smithdale sandy loam, 5 to 8 percent slopes 
1815 Enders stony fine sandy loam, 8 to 15 percent slopes 
1816 Dubbs silt loam, 1 to 3 percent slopes 
1817 Bismarck-Sherless-Clebit complex, 8 to 12 percent slopes 
1818 Bigfork-Rock outcrop complex, 3 to 15 percent slopes 
1819 Avant very gravelly silt loam, 3 to 15 percent slopes 
1820 Bismarck-Carnasaw complex, 3 to 8 percent slopes 
1821 Carnasaw-Pirum complex, 3 to 8 percent slopes 
1822 Bismarck-Carnasaw complex, 8 to 20 percent slopes 
1823 Carnasaw gravelly silt loam, 8 to 20 percent slopes 
1824 Avilla silt loam, 1 to 3 percent slopes 
1825 Carnasaw-Pirum-Clebit complex, 20 to 40 percent slopes 
1826 Yanush very gravelly silt loam, 3 to 12 percent slopes 
1827 Pirum-Clebit-Carnasaw complex, 40 to 60 percent slopes 
1828 Sherless-Clebit complex, 3 to 8 percent slopes 
1829 Carnasaw-Pirum complex, 8 to 20 percent slopes 
1830 Carnasaw-Clebit complex, 3 to 15 percent slopes 
1831 Bismarck-Sherless-Clebit complex, 12 to 30 percent slopes 
1832 Avilla silt loam, 3 to 8 percent slopes 
1833 Bismarck-Clebit-Sherless complex, 3 to 8 percent slopes 
1834 Bismarck-Carnasaw complex, 20 to 40 percent slopes 
1835 Sherless-Clebit complex, 8 to 12 percent slopes 
1836 Spadra loam, occasionally flooded 
1837 Bismarck-Clebit complex, 40 to 60 percent slopes 
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1838 Mazarn silt loam, occasionally flooded 
1839 Yanush-Avant complex, 40 to 60 percent slopes 
1840 Bonnerdale fine sandy loam, occasionally flooded 
1841 Carnasaw-Pirum-Clebit complex, 40 to 60 percent slopes 
1842 Bigfork-Yanush-Carnasaw complex, 40 to 60 percent slopes 
1843 Pirum-Clebit-Carnasaw complex, 20 to 40 percent slopes 
1844 Bigfork-Yanush-Carnasaw complex, 20 to 40 percent slopes 
1845 Bigfork-Rock outcrop complex, 35 to 60 percent slopes 
1846 Yanush-Avant complex, 20 to 40 percent slopes 
1847 Clebit-Pirum-Rock outcrop complex, 3 to 15 percent slopes 
1848 Pirum-Clebit-Carnasaw complex, 8 to 20 percent slopes 
1849 Sherless-Clebit complex, 12 to 30 percent slopes 
1850 Udorthents 
1851 Pits-Udorthents complex 
1852 Magnet loam, 15 to 40 percent slopes 
1853 Carnasaw-Townley association, undulating 
1854 Carnasaw-Townley-Pirum association, steep 
1855 Carnasaw-Townley association, steep 
1856 Savannah-Urban land complex, 1 to 3 percent slopes 
1857 Zafra-Leadvale complex, 3 to 8 percent slopes 
1858 Savannah fine sandy loam, 1 to 3 percent slopes 
1859 Smithdale loamy sand, 3 to 8 percent slopes 
1860 Ouachita silt loam, frequently flooded 
1861 Caddo-Messer variants complex 
1862 Allen loam, 20 to 40 percent slopes 
1863 Savannah-Urban land complex, 3 to 8 percent slopes 
1864 Tiak silt loam, 3 to 8 percent slopes 
1865 Savannah fine sandy loam, 3 to 8 percent slopes 
1866 Amy soils 
1867 Smithdale loamy sand, 8 to 12 percent slopes 
1868 Tiak silt loam, 8 to 12 percent slopes 
1869 Carnasaw-Pirum-Townley association, undulating 
1870 Smithdale and Darco loamy sands, 12 to 30 percent slopes 
1871 Angie fine sandy loam, 3 to 8 percent slopes 
1872 Sherwood-Rock outcrop complex, 3 to 12 percent slopes 
1873 Ouachita-Amy complex, frequently flooded 
1874 Octavia-Caston-Pirum complex, 35 to 60 percent slopes, very rubbly 
1875 Bengal-Bismarck-Yanush complex, 15 to 35 percent slopes 
1876 Bismarck-Nashoba-Sherless complex, 8 to 15 percent slopes 
1877 Mena silt loam, 1 to 6 percent slopes 
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1878 Nashoba-Bismarck complex, 15 to 35 percent slopes, rubbly 
1879 Wetsaw loam, 1 to 6 percent slopes 
1880 Bismarck-Nashoba-Sherless complex, 1 to 8 percent slopes 
1881 Mazarn silt loam, 0 to 3 percent slopes, occasionally flooded 
1882 Avilla gravelly fine sandy loam, 1 to 6 percent slopes 
1883 Littlefir-Bismarck complex, 1 to 8 percent slopes 
1884 Avant very cobbly silt loam, 3 to 15 percent slopes 
1885 Ceda very cobbly fine sandy loam, 0 to 3 percent slopes, frequently flooded 
1886 Octavia-Carnasaw complex, 15 to 35 percent slopes, rubbly 
1887 Mena gravelly silt loam, 6 to 12 percent slopes 
1888 Bengal-Bismarck-Yanush complex, 8 to 15 percent slopes 
1889 Bigfork-Rock outcrop complex, 3 to 15 percent slopes, very rubbly 
1890 Carnasaw-Sherless complex, 15 to 35 percent slopes, rubbly 
1891 Yanush-Bigfork complex, 35 to 60 percent slopes, rubbly 
1892 Bismarck-Littlefir complex, 15 to 35 percent slopes 
1893 Wilburton very cobbly loam, 1 to 8 percent slopes, very rubbly 
1894 Sherless-Littlefir complex, 8 to 15 percent slopes 
1895 Sherless-Nashoba complex, 1 to 8 percent slopes, stony 
1896 Sherless-Littlefir complex, 1 to 8 percent slopes 
1897 Sherless-Nashoba-Bismarck complex, 15 to 35 percent slopes, extremely stony 
1898 Clebit-Carnasaw-Pirum complex, 15 to 35 percent slopes, very rubbly 
1899 Caston-Clebit-Octavia complex, 35 to 60 percent slopes, very rubbly 
1900 Clebit-Carnasaw-Pirum complex, 3 to 15 percent slopes, very rubbly 
1901 Bismarck-Bengal-Bigfork complex, 35 to 60 percent slopes, extremely stony 
1902 Sherless gravelly fine sandy loam, 1 to 6 percent slopes 
1903 Speer fine sandy loam, 0 to 2 percent slopes, rarely flooded 
1904 Yanush gravelly silt loam, 1 to 8 percent slopes 
1905 Sherless-Nashoba complex, 8 to 15 percent slopes, stony 
1906 Bismarck gravelly silt loam, 3 to 8 percent slopes 
1907 Yanush-Avant complex, 35 to 60 percent slopes 
1908 Yanush-Bigfork complex, 15 to 35 percent slopes, rubbly 
1909 Sherless-Littlefir complex, 15 to 35 perent slopes, extremely stony 
1910 Kenn-Ceda complex, 0 to 3 percent slopes, frequently flooded 
1911 Yanush gravelly silt loam, 8 to 15 percent slopes 
1912 Bigfork-Yanush-Rock outcrop complex, 35 to 60 percent slopes, very rubbly 
1913 Carnasaw-Sherless complex, 8 to 15 percent slopes 
1914 Octavia-Carnasaw complex, 8 to 15 percent slopes, rubbly 
1915 Clebit-Carnasaw-Rock outcrop complex, 3 to 15 percent slopes, very rubbly 
1916 Kenn fine sandy loam, 0 to 3 percent slopes, rarely flooded 
1917 Bismarck-Honobia-Clebit complex, 35 to 70 percent slopes, very rocky 
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1918 Sherwood-Carnasaw-Clebit complex, 3 to 15 percent slopes, extremely stony 
1919 Ceda very gravelly loam, 0 to 3 percent slopes, frequently flooded 
1920 Littlefir-Bismarck complex, 15 to 35 percent slopes 
1921 Littlefir-Bismarck complex, 8 to 15 percent slopes 
1922 Sherwood-Carnasaw-Clebit complex, 15 to 35 percent slopes, rubbly 
1923 Kenn gravelly fine sandy loam, 0 to 3 percent slopes occasionally flooded 
1924 Bismarck-Honobia complex, 1 to 8 percent slopes 
1925 Bismarck-Honobia complex, 8 to 15 percent slopes 
1926 Kenn very fine sandy loam, 0 to 3 percent slopes, occasionally flooded 
1927 Avilla gravelly fine sandy loam, 6 to 12 percent slopes 
1928 Caston-Carnasaw complex, 15 to 35 percent slopes, very rubbly 
1929 Yanush-Avant-Bengal complex, 15 to 35 percent slopes 
1930 Bengal-Bismarck-Yanush complex, 15 to 35 percent slopes, extremely stony 
1931 Bengal-Bismarck-Bigfork complex, 35 to 60 percent slopes, extremely stony 
1932 Bismarck-Honobia complex, 15 to 35 percent slopes 
1933 Pirum-Sherless complex, 1 to 8 percent slopes 
1934 Sherless-Littlefir-Nashoba complex, 15 to 35  percent slopes, extremely stony 
1935 Speer loam, 0 to 2 percent slopes, rarely flooded 
1936 Neff loam, 0 to 2 percent slopes, occasionally flooded 
1937 Carnasaw-Sherless-Clebit complex, 35 to 60 percent slopes, rubbly 
1938 Carnasaw-Sherless-Clebit complex, 15 to 35 percent slopes, rubbly 
1939 Riverwash-Ceda complex, 0 to 3 percent slopes, frequently flooded 
1940 Sherwood-Caston-Carnasaw complex, 35 to 60 percent slopes, rubbly 
1941 Yanush-Avant-Bengal complex, 35 to 60 percent slopes 
1942 Clebit-Caston-Pirum complex, 35 t0 60 percent slopes, very rubbly 
1943 Bonnerdale fine sandy loam, 0 to 6 percent slopes 
1944 Mena cobbly loam, 3 to 8 percent slopes 
1945 Wilburton very cobbly fine sandy loam, 1 to 8 percent slopes, very rubbly 
1946 Pit-Udorthents complex, 3 to 60 percent slopes 
1947 Woodall fine sandy loam, 0 to 2 percent slopes, occasionally flooded 
1948 Kenn fine sandy loam, 0 to 3 percent slopes, frequently flooded 
1949 Sawyer very fine sandy loam, 1 to 8 percent slopes 
1950 Warnock fine sandy loam, 1 to 7 percent slopes 
1951 Sacul fine sandy loam, 8 to 15 percent slopes 
1952 Sacul fine sandy loam, 15 to 35 percent slopes 
1953 Urbo silty clay loam, 0 to 2 percent slopes, frequently flooded 
1954 Pikeville fine sandy loam, 1 to 8 percent slopes 
1955 Sacul fine sandy loam, 1 to 8 percent slopes 
1956 Saffell gravelly fine sandy loam, 8 to 15 percent slopes 
1957 Una silty clay loam, 0 to 1 percent slopes, frequently flooded 
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1958 Sacul gravelly fine sandy loam, 15 to 35 percent slopes 
1959 Saffell gravelly fine sandy loam, 15 to 35 percent slopes 
1960 Sacul gravelly fine sandy loam, 1 to 8 percent slopes 
1961 Rosalie loamy fine sand, 1 to 8 percent slopes 
1962 Ouachita silt loam, 0 to 2 percent slopes, frequently flooded 
1963 Sardis silt loam, 0 to 1 percent slopes, frequently flooded 
1964 Saffell gravelly fine sandy loam, 1 to 8 percent slopes 
1965 Stough fine sandy loam, 1 to 3 percent slopes 
1966 Bibb fine sandy loam, 0 to 1 percent slopes, frequently flooded 
1967 Sacul gravelly fine sandy loam, 8 to 15 percent slopes 
1968 Amy silt loam, 0 to 2 percent slopes 
1969 Adaton silt loam, 0 to 2 percent slopes 
1970 Wilcox silty clay loam, 1 to 8 percent slopes 
1971 Wilcox silty clay loam, 8 to 15 percent slopes 
1972 Portland clay, 0 to 1 percent slopes 
1973 Immanuel silt loam, 0 to 1 percent slopes 
1974 Tichnor silt loam, 0 to 1 percent slopes, frequently flooded 
1975 Portland clay, 0 to 1 percent slopes, frequently flooded 
1976 Perry clay, 0 to 1 percent slopes, frequently flooded 
1977 Keo loam, 1 to 6 percent slopes, occasionally flooded 
1978 Rilla silt loam, 0 t 1 percent slopes 
1979 Udipsamments, 0 to 8 percent slopes 
1980 Ethel silt loam, 0 to 1 percent slopes 
1981 Crevasse loamy fine sand, 0 to 5 percent slopes, occasionally flooded 
1982 Tichnor silt loam, ponded, 0 to 1 percent slopes, frequently flooded 
1983 Oaklimeter silt loam, 0 to 1 percent slopes, occasionally flooded 
1984 Keo loam, 0 to 1 percent slopes, occasionally flooded 
1985 Desha silty clay, 0 to 3 percent slopes, occasionally flooded 
1986 Muskogee silt loam, 8 to 15 percent slopes 
1987 Lagrue silty clay loam, 0 to 1 percent slopes 
1988 Dundee silt loam, 0 to 2 percent slopes, occasionally flooded 
1989 Riverwash, sandy, frequently flooded 
1990 Luverne fine sandy loam, 8 to 20 percent slopes 
1991 Millwood fine sandy loam, 3 to 8 percent slopes 
1992 Angie silt loam, 1 to 3 percent slopes 
1993 Saffell gravelly sandy loam, 8 to 20 percent slopes 
1994 Adaton silt loam 
1995 Blevins loam, 1 to 3 percent slopes 
1996 Pirum-Sherwood association, undulating 
1997 Pickens soils, 3 to 12 percent slopes (bismarck) 
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1998 Sherwood-Pickens association, rolling 
1999 Ozan fine sandy loam 
2000 Sherwood fine sandy loam, 8 to 12 percent slopes 
2001 Pirum-Pickens association, undulating (bismarck) 
2002 Pickens-Sherwood-Rock outcrop association, hilly (bismarck) 
2003 Toine loam 
2004 Pirum fine sandy loam, 3 to 8 percent slopes 
2005 Greenville loam, 3 to 8 percent slopes 
2006 Millwood fine sandy loam, 8 to 12 percent slopes 
2007 Blevins loam, 3 to 8 percent slopes 
2008 Tiak soils, 8 to 20 percent slopes 
2009 Angie silt loam, 3 to 8 percent slopes 
2010 Oktibbeha clay, 8 to 12 percent slopes, eroded 
2011 Sumter clay, 3 to 12 percent slopes 
2012 Terouge clay, 1 to 3 percent slopes 
2013 Oktibbeha clay, 3 to 8 percent slopes, eroded 
2014 Saffell gravelly sandy loam, 1 to 3 percent slopes 
2015 Leeper silty clay 
2016 Sumter-Oktibbeha association, rolling 
2017 Demopolis silty clay, 3 to 12 percent slopes, severely eroded 
2018 Marietta silt loam, silty subsoil variant 
2019 Cane fine sandy loam, 3 to 8 percent slopes 
2020 Terouge clay, 0 to 1 percent slopes 
2021 Bonnerdale fine sandy loam, 3 to 8 percent slopes 
2022 Kenn fine sandy loam, 0 to 3 percent slopes, occasionally flooded 
2023 Littlefir-Carnasaw complex, 1 to 8 percent slopes 
2024 Sherless-Littlefir-Nashoba complex, 8 to 15 percent slopes 
2025 Sherless-Nashoba complex, 3 to 8 percent slopes, extremely stony 
2026 Sherless-Littlefir-Nashoba complex, 15 to 35 percent slopes 
2027 Pikecity silt loam, 1 to 8 percent slopes 
2028 Pirum-Sherless-Bonnerdale complex, 1 to 8 percent slopes 
2029 Peanutrock very gravelly fine sandy loam, 3 to 8 percent slopes 
2030 Tiak-Antoine complex, 8 to 15 percent slopes 
2031 Kizzia silt loam, 3 to 8 percent slopes 
2032 Guyton silt loam, 0 to 1 percent slopes, ponded 
2033 Ochlockonee fine sandy loam, 0 to 2 percent slopes, frequently flooded 
2034 Pits and udorthents association, 3 to 35 percent slopes 
2035 Tiak gravelly very fine sandy loam, 8 to 15 percent slopes 
2036 Vaughn gravelly loamy sand, 0 to 3 percent slopes, occasionally flooded 
2037 Kenn very fine sandy loam, 0 to 2 percent slopes, frequently flooded 
183 
 
2038 Nathan fine sandy loam, 3 to 8 percent slopes 
2039 Guyton silt loam, 0 to 2 percent slopes, occasionally flooded 
2040 Billstown loam, 3 to 8 percent slopes 
2041 Vaughn-Pikecreek complex, 0 to 3 percent slopes, frequently flooded 
2042 Peanutrock very gravelly fine sandy loam, 15 to 35 percent slopes 
2043 Leeper silty clay loam, 0 to 2 percent slopes, occasionally flooded 
2044 McCaskill fine sandy loam, 0 to 2 percent slopes 
2045 Toine fine sandy loam, 0 to 2 percent slopes, occasionally flooded 
2046 Sardis silt loam, 0 to 2 percent slopes, occasionally flooded 
2047 Clebit-Carnasaw-Pirum complex, 3 to 15 percent slopes, rubbly 
2048 Ochlockonee fine sandy loam, 0 to 2 percent slopes, rarely flooded 
2049 Japany silty clay loam, 1 to 5 percent slopes 
2050 Peanutrock very gravelly fine sandy loam, 8 to 15 percent slopes 
2051 Guyton silt loam, 0 to 2 percent slopes, rarely flooded 
2052 Ochlockonee fine sandy loam, 0 to 2 percent slopes, occasionally flooded 
2053 Woodall fine sandy loam, 0 to 2 percent slopes, frequently flooded 
2054 Tiak very fine sandy loam, 1 to 8 percent slopes 
2055 Antoine loam, 1 to 6 percent slopes 
2056 Ozan fine sandy loam, 0 to 2 percent slopes, occasionally flooded 
2057 Pikecreek gravelly loamy sand, 0 to 3 percent slopes, frequently flooded 
2058 Nashoba-Littlefir-Sherless complex, 15 to 35 percent slopes, rubbly 
2059 Nashoba-Bismarck-Littlefir complex, 8 to 15 percent slopes 
2060 Nashoba-Bismarck-Littlefir complex, 1 to 8 percent slopes 
2061 Ozan fine sandy loam, 0 to 2 percent slopes, rarely flooded 
2062 Tiak gravelly very fine sandy loam, 1 to 8 percent slopes 
2063 Yanush very gravelly silt loam, 8 to 15 percent slopes 
2064 Murfreesboro loam, 1 to 6 percent slopes 
2065 Carnasaw-Sherwood-Zafra complex, 35 to 60 percent slopes, extremely stony 
2066 Delight silty clay, 3 to 8 percent slopes 
2067 Tiak-Antoine complex, 1 to 8 percent slopes 
2068 Billstown loam, 8 to 15 percent slopes 
2069 Peanutrock-Tiak complex, 8 to 15 percent slopes 
2070 Stelltown sandy loam, 6 to 12 percent slopes 
2071 Billstown-Tiak complex, 8 to 15 percent slopes 
2072 Toine fine sandy loam, 0 to 2 percent slopes, rarely flooded 
2073 Sardis silt loam, 0 to 2 percent slopes, rarely flooded 
2074 Kenn fine sandy loam, 0 to 2 percent slopes, rarely flooded 
2075 Bigfork-Yanush-Rock outcrop complex, 35 to 60 percent slopes, rubbly 
2076 Ouachita silt loam, 0 to 2 percent slopes, occasionally flooded 
2077 Yanush very gravelly silt loam, 1 to 8 percent slopes 
184 
 
2078 Yanush-Bigfork complex, 15 to 35 percent slopes, extremely stony 
2079 Wetsaw fine sandy loam, 1 to 6 percent slopes 
2080 Marietta loam, 0 to 2 percent slopes, occasionally flooded 
2081 Stelltown sandy loam, 1 to 6 percent slopes 
2082 Ouachita silt loam, 0 to 3 percent slopes, rarely flooded 
2083 Una silty clay loam, 0 to 2 percent slopes, occasionally flooded 
2084 Gurdon fine sandy loam, 0 to 2 percent slopes, occasionally flooded 
2085 Magnet variant cobbly silt loam, 15 to 35 percent slopes 
2086 Murfreesboro gravelly loam, 1 to 6 percent slopes 
2087 Bonnerdale fine sandy loam, 0 to 5 percent slopes 
2088 Oktibbeha fine sandy loam, 3 to 8 percent slopes, eroded 
2089 Kipling silt loam, 0 to 2 percent slopes 
2090 Bigfork-Rock outcrop complex, 3 to 8 percent slopes 
2091 Ouachita silt loam, 0 to 3 percent slopes 
2092 Oktibbeha fine sandy loam, 8 to 12 percent slopes, eroded 
2093 Carnasaw-Bismarck-Sherless complex, 3 to 8 percent slopes 
2094 Stough fine sandy loam, 0 to 2 percent slopes 
2095 Sacul gravelly fine sandy loam, 3 to 8 percent slopes 
2096 Zafra-Carnasaw-Clebit complex, 20 to 40 percent slopes 
2097 Yanush-Carnasaw-Bigfork complex, 8 to 20 percent slopes 
2098 Bowie fine sandy loam, 3 to 8 percent slopes 
2099 Pirum-Zafra-Clebit complex, 3 to 8 percent slopes 
2100 Carnasaw-Bismarck-Zafra complex, 8 to 20 percent slopes 
2101 Bowie fine sandy loam, 1 to 3 percent slopes 
2102 Sardis silt loam, occasionally flooded 
2103 Bigfork-Rock outcrop complex, 40 to 60 percent slopes 
2104 Gurdon silt loam, occasionally flooded 
2105 Pikeville fine sandy loam, 3 to 8 percent slopes 
2106 Pirum-Sherless-Shermore fine sandy loams, 3 to 8 percent slopes 
2107 Sawyer loam, 1 to 3 percent slopes 
2108 Pikeville fine sandy loam, 1 to 3 percent slopes 
2109 Saffell-Sacul association, rolling 
2110 Smithdale-Bowie-Sacul association, undulating 
2111 Pits-Fluvaquents complex, occasionally flooded 
2112 Zafra-Carnasaw-Pirum complex, 8 to 20 percent slopes 
2113 Ochlockonee fine sandy loam, occasionally flooded 
2114 Sacul-Ruston association, undulating 
2115 Yanush-Ceda complex, 0 to 8 percent slopes 
2116 Kipling silty clay loam, 2 to 5 percent slopes 
2117 Sacul-Smithdale association, rolling 
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2118 Foley silt loam, 0 to 2 percent slopes 
2119 Ceda gravelly fine sandy loam, occasionally flooded 
2120 Smithton very fine sandy loam, 0 to 1 percent slopes 
2121 Macon fine sandy loam, 3 to 8 percent slopes 
2122 Sallisaw fine sandy loam, 1 to 8 percent slopes, eroded 
2123 Trebloc silt loam, 0 to 2 percent slopes 
2124 Iuka fine sandy loam, occasionally flooded 
2125 Tuscumbia silty clay, occasionally flooded 
2126 Toine fine sandy loam, occasionally flooded 
2127 Demopolis channery silty clay loam, 3 to 12 percent slopes, severely eroded 
2128 Una silty clay loam, occasionally flooded 
2129 Wing variant fine sandy loam, 0 to 2 percent slopes 
2130 Bismarck very shaly loam, 12 to 20 percent slopes 
2131 Saffell gravelly fine sandy loam, 8 to 12 percent slopes 
2132 Carnasaw-Bismarck-Zafra complex, 20 to 40 percent slopes 
2133 Ora fine sandy loam, 3 to 8 percent slopes 
2134 Sumter silty clay, 3 to 12 percent slopes, eroded 
2135 Urbo silty clay loam, occassionally flooded 
2136 Shermore fine sandy loam, 3 to 8 percent slopes 
2137 Wilcox silt loam, 3 to 8 percent slopes 
2138 Sawyer loam, 3 to 8 percent slopes 
2139 Udorthents, loamy 
2140 Sacul gravelly fine sandy loam, 8 to 20 percent slopes 
2141 Magnet loam, 3 to 8 percent slopes 
2142 Sacul fine sandy loam, 12 to 20 percent slopes 
2143 Kirkville fine sandy loam, occasionally flooded 
2144 Kenn fine sandy loam, occasionally flooded 
2145 Yanush-Bigfork-Carnasaw complex, 20 to 40 percent slopes 
2146 Houston clay, 1 to 3 percent slopes 
2147 Macon fine sandy loam, 8 to 20 percent slopes 
2148 Mayhew silty clay loam, 0 to 2 percent slopes 
2149 Avilla fine sandy loam, 3 to 8 percent slopes 
2150 Sumter silty clay, 12 to 20 percent slopes, eroded 
2151 Ozan fine sandy loam, occasionally flooded 
2152 Terouge silty clay, 1 to 3 percent slopes 
2153 Marietta fine sandy loam, occasionally flooded 
2154 Nugent loamy fine sand, frequently flooded 
2155 Wilcox silt loam, 1 to 3 percent slopes 
2156 Sardis silt loam, 0 to 3 percent slopes 
2157 Bismarck very shaly loam, 3 to 12 percent slopes 
186 
 
2158 Adaton silt loam, 0 to 1 percent slopes 
2159 Magnet stony loam, 8 to 20 percent slopes 
2160 Leeper silty clay, occasionally flooded 
2161 Magnet stony loam, 20 to 40 percent slopes 
2162 Houston clay, 3 to 8 percent slopes, eroded 
2163 Cahaba fine sandy loam, 3 to 6 percent slopes 
2164 Darden loamy fine sand, 5 to 12 percent slopes 
2165 Terouge silty clay, occasionally flooded 
2166 Cuthbert fine sandy loam, 20 to 40 percent slopes 
2167 Eutaw silty clay loam, 0 to 2 percent slopes 
2168 Sawyer silt loam, 1 to 3 percent slopes 
2169 Ouachita soils, frequently flooded 
2170 Calloway-Urban land complex 
2171 Grenada-Urban land complex, 3 to 8 percent slopes 
2172 Crevasse soils, frequently flooded 
2173 McGehee silt loam 
2174 Pheba silt loam, 0 to 2 percent slopes 
2175 Rilla silt loam, undulating 
2176 McGehee silt loam, occasionally flooded 
2177 Roxana silt loam 
2178 Amy soils frequently flooded 
2179 Portland clay, 0 to 1 percent slopes, occasionally flooded 
2180 Wabbaseka-Latanier complex, undulating 
2181 Desha clay, 0 to 1 percent  slopes, occasionally flooded 
2182 Grenada silt loam, 3 to 8 percent slopes 
2183 Coushatta soils, occasionally flooded 
2184 Henry silt loam 
2185 Wabbaseka-Latanier complex, occasionally flooded 
2186 Oklared fine sandy loam, occasionally flooded 
2187 Henry-Urban land complex 
2188 Portland-Urban land complex, 0-1 percent slopes 
2189 Perry clay, 0 to 1 percent slopes, occasionally flooded 
2190 Crevasse loamy fine sand 
2191 Pheba-Urban land complex, 0 to 2 percent slopes 
2192 Coushatta-Urban land complex 
2193 Grenada-Urban land complex, 1 to 3 percent slopes 
2194 Roxana-Urban land complex 
2195 Kullit fine sandy loam, 2 to 5 percent slopes 
2196 Pikecity fine sandy loam, 1 to 8 percent slopes 
2197 Sacul very fine sandy loam, 8 to 15 percent slopes 
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2198 Sumter silty clay, 3 to 8 percent slopes, eroded 
2199 Bismarck-Littlefir-Nashoba complex, 8 to 15 percent slopes 
2200 Bismarck-Nashoba-Littlefir complex, 15 to 35 percent slopes 
2201 Sherless-Bismarck-Nashoba complex, 15 to 35 percent slopes 
2202 Ouachita silt loam, 0 to 3 percent slopes, occasionally flooded 
2203 Speer loam, 0 to 2 percent slopes, occasionally flooded 
2204 Sacul very gravelly loam, 3 to 8 percent slopes 
2205 Sherless-Nashoba complex, 1 to 8 percent slopes 
2206 Littlefir-Bismarck-Nashoba complex, 1 to 8 percent slopes 
2207 Billstown silty clay, 3 to 8 percent slopes 
2208 Smithton fine sandy loam, 0 to 1 percent slopes 
2209 Peanutrock gravelly fine sandy loam, 3 to 15 percent slopes 
2210 Billstown silty clay, 8 to 15 percent slopes 
2211 Japany silty clay loam, 2 to 5 percent slopes 
2212 Urbo silty clay loam, 0 to 3 percent slopes, occasionally flooded 
2213 Sardis silt loam, 0 to 3 percent slopes, occasionally flooded 
2214 Sacul very fine sandy loam, 1 to 8 percent slopes 
2215 Stelltown fine sandy loam, 1 to 3 percent slopes 
2216 Ouachita silt loam, 0 to 3 percent slopes, frequently flooded 
2217 Dela fine sandy loam, 0 to 3 percent slopes, frequently flooded 
2218 Sumter silty clay, 8 to 15 percent slopes, eroded 
2219 Peanutrock gravelly fine sandy loam, 15 to 35 percent slopes 
2220 McCaskill fine sandy loam, 3 to 8 percent slopes 
2221 Antoine silt loam, 1 to 3 percent slopes 
2222 Sardis silt loam, 0 to 3 percent slopes, frequently flooded 
2223 Japany silty clay loam, 8 to 15 percent slopes 
2224 Nashoba-Bismarck-Clebit complex, 35 to 60 percent slopes 
2225 Tuscumbia silty clay, 0 to 1 percent slopes, occasionally flooded 
2226 Felker very fine sandy loam, 1 to 3 percent slopes 
2227 DeAnn clay, 3 to 8 percent slopes, eroded 
2228 Cupco silt loam, 0 to 2 percent slopes, occasionally flooded 
2229 Leeper silty clay, 0 to 3 percent slopes, occasionally flooded 
2230 Urbo silty clay loam, 0 to 3 percent slopes, frequently flooded 
2231 Tippah silt loam, 1 to 3 percent slopes, eroded 
2232 Ochlockonee very fine sandy loam 
2233 Shubuta fine sandy loam, 3 to 8 percent slopes 
2234 Savannah very fine sandy loam, 3 to 8 percent slopes 
2235 Wehadkee soils, and Udifluvents 
2236 Prentiss very fine sandy loam, 1 to 3 percent slopes 
2237 Collins silt loam 
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2238 Tippah silt loam, 3 to 8 percent slopes, eroded 
2239 Boswell loam, 3 to 8 percent slopes, eroded 
2240 Nacogdoches gravelly loam, 2 to 8 percent slopes, eroded 
2241 Susquehanna very fine sandy loam, 3 to 8 percent slopes eroded 
2242 Boswell loam, 1 to 3 percent slopes, eroded 
2243 Cahaba fine sandy loam, 3 to 8 percent slopes, eroded 
2244 Prentiss very fine sandy loam, 3 to 8 percent slopes 
2245 Pheba very fine sandy loam, 1 to 3 percent slopes 
2246 Stough silt loam, 3 to 8 percent slopes 
2247 Saffell gravelly fine sandy loam, 8 to 25 percent slopes 
2248 Savannah very fine sandy loam, 8 to 12 percent slopes, eroded 
2249 Tippah silt loam, 8 to 20 percent slopes 
2250 Amagon silt loam, heavy substratum, 3 to 8 percent slopes (tippah) 
2251 Stough silt loam, 1 to 3 percent slopes 
2252 Shubuta fine sandy loam, 3 to 8 percent slopes, eroded 
2253 Falaya silt loam 
2254 Angie silt loam, 0 to 1 percent slopes 
2255 Susquehanna very fine sandy loam 1 to 3 percent slopes, eroded 
2256 Weston fine sandy loam, 0 to 1 percent slopes 
2257 Pheba very fine sandy loam, 0 to 1 percent slopes 
2258 Caddo silt loam, 1 to 3 percent slopes 
2259 Tippah silt loam, 0 to 1 percent slopes 
2260 Weston fine sandy loam, 0 to 3 percent slopes 
2261 Falkner silt loam, 1 to 3 percent slopes, eroded 
2262 Wehadkee silt loam 
2263 Shubuta gravelly fine sandy loam 3 to 8 percent slopes, eroded 
2264 Boswell loam, 8 to 20 percent slopes, eroded 
2265 Hatchie silt loam, 1 to 3 percent slopes (calloway) 
2266 Tippah silt loam, 3 to 8 percent slopes, severely eroded 
2267 Susquehanna silty clay, 1 to 3 percent slopes 
2268 Ochlockonee-Wehadkee association (guyton) 
2269 Amagon silt loam, heavy substratum, 0 to 3 percent slopes 
2270 Susquehanna very fine sandy loam, 8 to 25 percent slopes 
2271 Shubuta gravelly fine sandy loam 8 to 20 percent slopes 
2272 Wehadkee-Falaya association 
2273 Shubuta fine sandy loam, 8 to 12 percent slopes 
2274 Wehadkee-Caddo association 
2275 Susquehanna very fine sandy loam 0 to 1 percent slopes 
2276 Falkner silt loam, 0 to 1 percent slopes 
2277 Susquehanna silty clay, 0 to 1 percent slopes 
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2278 Portland silt loam, 0 to 1 percent slopes 
2279 Tutwiler silt loam 
2280 Desha clay, 0 to 1 percent slopes, rarely flooded 
2281 Sharkey and Desha clays, 0 to 1 percent slopes 
2282 Sharkey and Desha clays, gently undulating 
2283 Bruno loamy sand, gently undulating 
2284 Sharkey and Desha silt loams 
2285 Desha silt loam, 0 to 1 percent slopes, rarely flooded 
2286 Coushatta complex, 0 to 1 percent slopes 
2287 Sharkey-Commerce-Coushatta association, frequently flooded 
2288 Tunica clay, 0 to 1 percent slopes 
2289 Bowdre, Desha, and Robinsonville soils, gently undulating 
2290 No Digital Data Available 
2291 Perry silt loam, 0 to 1 percent slopes 
2292 Newellton clay, 0 to 1 percent slopes 
2293 Commerce silt loam, gently undulating 
2294 Harleston loamy fine sand, 1 to 3 percent slopes 
2295 Sacul-Kirvin association, rolling 
2296 Oktibbeha silty clay loam, 3 to 8 percent slopes, eroded 
2297 Millwood silt loam, 3 to 8 percent slopes 
2298 Latanier silty clay, frequently flooded 
2299 Desha clay, occasionally flooded 
2300 Kirvin fine sandy loam, 3 to 8 percent slopes 
2301 McKamie silty clay loam, 3 to 8 percent slopes, eroded 
2302 Kipling loam, 1 to 3 percent slopes 
2303 Kipling silty clay loam, 3 to 8 percent slopes, eroded 
2304 Briley loamy fine sand, 3 to 8 percent slopes 
2305 Smithton fine sandy loam 
2306 Demopolis silty clay loam, gullied 
2307 Tuscumbia clay, occasionally flooded 
2308 Sterlington very fine sandy loam, 0 to 2 percent slopes 
2309 Kirvin fine sandy loam, 8 to 12 percent slopes 
2310 Latanier silty clay, occasionally flooded 
2311 Oktibbeha-Saffell association, rolling 
2312 Gore silt loam, 0 to 2 percent slopes 
2313 McKamie fine sandy loam, 8 to 12 percent slopes 
2314 Oklared very fine sandy loam, occasionally flooded 
2315 Oklared very fine sandy loam 
2316 Briley-Alaga association, rolling 
2317 Marietta loam, occasionally flooded 
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2318 Alaga fine sand, 3 to 8 percent slopes 
2319 Harleston loamy fine sand, 3 to 8 percent slopes 
2320 Ouachita silt loam, 0 to 1 percent slopes, frequently flooded 
2321 Urbo silt loam, 0 to 1 percent slopes, occasionally flooded 
2322 Briley loamy fine sand, 1 to 8 percent slopes 
2323 Guyton silt loam, 0 to 2 percent slopes, frequently flooded 
2324 Sawyer very fine sandy loam, 3 to 8 percent slopes 
2325 Sawyer very fine sandy loam, 1 to 3 percent slopes 
2326 Smithdale fine sandy loam, 15 to 35 percent slopes 
2327 Harleston fine sandy loam, 1 to 8 percent slopes 
2328 Darden loamy fine sand, 8 to 15 percent slopes 
2329 Darden loamy fine sand, 15 to 35 percent slopes 
2330 Prescott silt loam, 1 to 6 percent slopes 
2331 Japany silt loam, 3 to 8 percent slopes 
2332 DeAnn clay, 3 to 8 percent slopes 
2333 Angie fine sandy loam, 1 to 8 percent slopes 
2334 Sardis silt loam, 0 to 2 percent slopes, frequently flooded 
2335 Laneburg silty clay loam, 1 to 3 percent slopes 
2336 Smithdale association, rolling 
2337 Guyton soils, frequently flooded 
2338 Pikeville fine sandy loam, 8 to 12 percent slopes 
2339 Smithdale-Sacul association, rolling 
2340 Pheba-Savannah association, gently rolling 
2341 Sacul-Sawyer association, gently rolling 
2342 Smithton-Pheba association 
2343 Briley loamy fine sand, 8 to 12 percent slopes 
2344 Sacul-Smithdale association, gently rolling 
2345 Pikeville association, rolling 
2346 Pikeville association, gently rolling 
2347 Smithdale association, gently rolling 
2348 Sacul association, rolling 
2349 Norfolk fine sandy loam, 1 to 3 percent slopes 
2350 Kirvin fine sandy loam, 8 to 20 percent slopes 
2351 Cahaba fine sandy loam, 3 to 8 percent slopes 
2352 Norfolk fine sandy loam, 3 to 8 percent slopes 
2353 Kirvin-Sacul association, rolling 
2354 Alaga association, undulating 
2355 Ouachita silt loam 
2356 Sacul-Kirvin association, undulating 
2357 Cahaba fine sandy loam, 8 to 12 percent slopes (smithdale) 
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2358 Alaga loamy sand, 1 to 8 percent slopes 
2359 Sacul fine sandy loam, 8 to 16 percent slopes 
2360 Lucy loamy fine sand, 3 to 8 percent slopes 
2361 Mashulaville silt loam 
2362 Alaga loamy sand, 8 to 20 percent slopes 
2363 Bibb soils 
2364 Goldsboro fine sandy loam, 1 to 3 percent slopes 
2365 Saffell gravelly sandy loam, 3 to 10 percent slopes 
2366 Lobelville fine sandy loam (sardis loam) 
2367 Cahaba-Norfolk association, undulating 
2368 Amy association, frequently flooded 
2369 Kirvin-Norfolk association, undulating 
2370 Kirvin-Sacul association, hilly 
2371 Pheba silt loam, 1 to 3 percent slopes 
2372 Ouachita association, frequently flooded 
2373 Leaf silt loam 
2374 Alaga association, rolling 
2375 Ennis silty clay loam (ouachita silt loam) 
2376 Sacul loam, 8 to 12 percent slopes 
2377 Pheba silt loam 
2378 Sacul soils, 3 to 8 percent slopes, eroded 
2379 Tippah silt loam, 1 to 3 percent slopes 
2380 Tippah silt loam, 3 to 8 percent slopes 
2381 Sacul soils, 1 to 3 percent slopes, eroded 
2382 Cahaba fine sandy loam, 3 to 8 percent slopes (smithdale) 
2383 Grenada association, undulating 
2384 Tichnor and Arkabutla soils, frequently flooded 
2385 Udorthents and Grenada soils, 8 to 20 percent slopes, severely eroded (loring) 
2386 Udults and Udorthents, 8 to 20 percent slopes, severely eroded 
2387 Grenada silt loam, 0 to 1 percent slopes 
2388 Henry-Calloway association 
2389 Saffell gravelly fine sandy loam, 8 to 20 percent slopes 
2390 Arkabutla silt loam, frequently flooded 
2391 Ariel silt loam, frequently flooded 
2392 Ruston fine sandy loam, 2 to 5 percent slopes 
2393 Saffell gravelly fine sandy loam, 1 to 3 percent slopes 
2394 Yorktown silty clay loam, frequently flooded 
2395 Gore silt loam, 3 to 8 percent slopes 
2396 Rilla silt loam, gently undulating 
2397 Latanier clay, gently undulating 
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2398 McKamie silt loam, 2 to 5 percent slopes 
2399 McKamie silt loam, 5 to 20 percent slopes 
2400 Severn silt loam, gently undulating 
2401 Kamie fine sandy loam, 3 to 8 percent slopes 
2402 Gore silt loam, 1 to 3 percent slopes 
2403 Acadia silt loam, 0 to 2 percent slopes 
2404 Amy silt loam, 0 to 1 percent slopes 
2405 Eylau fine sandy loam, 1 to 3 percent slopes 
2406 Eylau fine sandy loam, 3 to 5 percent slopes 
2407 Severn silt loam, occasionally flooded 
2408 Kamie fine sandy loam, 1 to 3 percent slopes 
2409 Catalpa silty clay, 0 to 1 percent slopes 
2410 Billyhaw clay, gently undulating 
2411 Kipling silt loam, 2 to 5 percent slopes 
2412 Woden fine sandy loam, 0 to 1 percent slopes 
2413 Oktibbeha silt loam, 3 to 8 percent slopes 
2414 Houston clay, 3 to 8 percent slopes 
2415 Felker silt loam, 0 to 1 percent slopes 
2416 Ouachita and Ochlockonee soils, occasionally flooded 
2417 Kamie fine sandy loam, 8 to 20 percent slopes 
2418 Sumter silty clay loam, 5 to 12 percent slopes, eroded 
2419 Demopolis silty clay loam, 3 to 20 percent slopes, eroded 
2420 Sacul fine sandy loam, 20 to 40 percent slopes 
2421 Briley loamy fine sand, 1 to 3 percent slopes 
2422 Latonia loamy fine sand, 2 to 5 percent slopes 
2423 Trinity clay, occasionally flooded 
2424 Oktibbeha silt loam, 8 to 12 percent slopes 
2425 Forbing silt loam, 1 to 3 percent slopes 
2426 Oklared fine sandy loam, gently undulating 
2427 Eylau-Urban land complex, 1 to 3 percent slopes 
2428 Billyhaw clay, 0 to 1 percent slopes, frequently flooded 
2429 Billyhaw clay, 0 to 1 percent slopes, occasionally flooded 
2430 Fluvaquents, frequently flooded 
2431 Woden fine sandy loam, 3 to 8 percent slopes 
2432 Eylau-Urban land complex, 3 to 5 percent slopes 
2433 Pheba and Lewiston soils, nearly level phases (pheba, pheba) 
2434 Caddo and Tickfaw silt loams (amy, amy) 
2435 Pheba and Lewiston soils, level phases (pheba, pheba) 
2436 Savannah very fine sandy loam, eroded nearly level phase 
2437 Prentiss very fine sandy loam, nearly level phase (savannah) 
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2438 Prentiss very fine sandy loam, eroded nearly level phase (savannah) 
2439 Cahaba sandy loam, eroded gently sloping phase 
2440 Ochlockonee fine sandy loam (ouachita) 
2441 Sawyer very fine sandy loam, eroded nearly level phase 
2442 Sawyer very fine sandy loam, nearly level phase 
2443 Ruston fine sandy loam, eroded gently sloping phase 
2444 Mixed alluvial land (guyton) 
2445 Saffell gravelly fine sandy loam, eroded sloping phase 
2446 Saffell gravelly fine sandy loam, eroded gently sloping phase 
2447 Saffell gravelly fine sandy loam, gently sloping phase 
2448 Prentiss very fine sandy loam, mound phase (savannah) 
2449 Kalmia fine sandy loam, gently sloping low terrace phase 
2450 Myatt silt loam (amy) 
2451 Myatt-Kalmia complex, mound phase (amy, kalmia) 
2452 Bibb silt loam (guyton) 
2453 Savannah very fine sandy loam, nearly level phase 
2454 Sawyer very fine sandy loam, eroded gently sloping phase 
2455 Boswell very fine sandy loam, nearly level phase (sacul) 
2456 Stough very fine sandy loam, level phase 
2457 Stough-Kalmia complex, mound phase 
2458 Savannah very fine sandy loam, eroded gently sloping phase 
2459 Ruston fine sandy loam, gently sloping phase 
2460 Stough very fine sandy loam, nearly level phase 
2461 Wilcox silty clay loam, nearly level phase 
2462 Sawyer very fine sandy loam, level phase 
2463 Cahaba sandy loam, gently sloping phase 
2464 Prentiss very fine sandy loam, eroded gently sloping phase (savannah) 
2465 Saffell gravelly fine sandy loam, sloping phase 
2466 Ruston fine sandy loam, sloping phase (smithdale) 
2467 Boswell very fine sandy loam, gently sloping phase (sacul) 
2468 Wilcox silty clay loam, eroded gently sloping phase 
2469 Prentiss very fine sandy loam, eroded mound phase (savannah) 
2470 Ruston fine sandy loam, nearly level phase 
2471 Wilcox silty clay loam, level phase 
2472 Boswell gravelly fine sandy loam, gently sloping phase (sacul) 
2473 Iuka-Mantachie silt loams (ouachita, guyton) 
2474 Boswell very fine sandy loam, 8 to 20 percent slopes (sacul) 
2475 Kalmia fine sandy loam, nearly level low terrace phase 
2476 Orangeburg fine sandy loam, sloping phase (smithdale) 
2477 Boswell very fine sandy loam, eroded nearly level phase (sacul) 
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2478 Boswell gravelly fine sandy loam, eroded gently sloping phase (sacul) 
2479 Boswell very fine sandy loam, eroded gently sloping phase (sacul) 
2480 Wilcox silty clay loam, gently sloping phase 
2481 Savannah very fine sandy loam, gently sloping phase 
2482 Cahaba sandy loam, nearly level phase 
2483 Prentiss very fine sandy loam, level phase (savannah) 
2484 Orangeburg fine sandy loam, eroded gently sloping phase (ruston) 
2485 Shubuta gravelly fine sandy loam, moderately steep phase (kirvin) 
2486 Chastain silty clay 
2487 Sawyer very fine sandy loam, gently sloping phase 
2488 Savannah very fine sandy loam, sloping phase 
2489 Shubuta fine sandy loam, eroded nearly level phase (kirvin) 
2490 Pheba and Lewiston soils, eroded nearly level phases (pheba, pheba) 
2491 Wilcox silty clay loam, moderately steep phase 
2492 Saffell gravelly fine sandy loam, severely eroded gently sloping phase 
2493 Gullied land 
2494 Savannah very fine sandy loam, level phase 
2495 Shubuta fine sandy loam, eroded gently sloping phase (kirvin) 
2496 Prentiss very fine sandy loam, sloping phase (savannah) 
2497 Boswell gravelly fine sandy loam, nearly level phase (sacul) 
2498 Saffell gravelly fine sandy loam, 12 to 25 percent slopes 
2499 Orangeburg fine sandy loam, gently sloping phase (ruston) 
2500 Orangeburg and Ruston fine sandy loams, moderately steep phases (smithdale, 
smithdale) 
2501 Ruston sandy clay loam, severely eroded gently sloping phases 
2502 Wilcox silty clay loam, steep phase 
2503 Cahaba sandy loam, sloping phase (smithdale) 
2504 Lafe very fine sandy loam 
2505 Boswell sandy clay, severely eroded gently sloping phase (sacul) 
2506 Prentiss very fine sandy loam, gently sloping phase (savannah) 
2507 Sawyer very fine sandy loam, moderately steep phase (sacul) 
2508 Bowdre silty clay loam, gently undulating 
2509 Gallion and Pulaski fine sandy loams, 0 to 1 percent slopes (rilla, rilla) 
2510 Hebert and Crowley silt loams 
2511 Sharkey clay, 1 to 3 percent slopes 
2512 Gallion silt loam, 0 to 1 percent slopes (rilla) 
2513 Commerce loam 
2514 McGehee silt loam, gently undulating 
2515 Waverly silt loam 
2516 Grenada silt loam, 3 to 8 percent slopes, eroded 
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2517 Grenada silt loam, 8 to 12 percent slopes, eroded 
2518 Bowdre silty clay loam, 0 to 1 percent slopes 
2519 Grenada silt loam, 1 to 3 percent slopes, eroded 
2520 Portland clay, 0 to 3 percent slopes 
2521 McGehee silt loam, 0 to 1 percent slopes 
2522 Gallion fine sandy loam, 1 to 3 percent slopes (rilla) 
2523 Sharkey clay, gently undulating 
2524 Gallion silt loam, 1 to 3 percent slopes (rilla) 
2525 Perry clay, 1 to 3 percent slopes 
2526 Calloway-Henry silt loams, 0 to 2 percent slopes 
2527 Robinsonville loam, gently undulating 
2528 Lonoke silt loam (rilla) 
2529 Yorktown clay, ponded, 0 to 1 percent slopes, frequently flooded 
2530 Calloway-Grenada silt loams, 0 to 3 percent slopes 
2531 Harleston very fine sandy loam, 1 to 3 percent slopes 
2532 Adaton-Felker association, 0 to 2 percent slopes 
2533 Blevins silt loam, 3 to 8 percent slopes 
2534 Warnock fine sandy loam, 3 to 8 percent slopes 
2535 Angie fine sandy loam, 1 to 3 percent slopes 
2536 Warnock fine sandy loam, 1 to 3 percent slopes 
2537 Felker silt loam, 0 to 2 percent slopes 
2538 Darden-Darco loamy fine sands, 2 to 8 percent slopes 
2539 Wrightsville silty clay loam, 0 to 1 percent slopes 
2540 Sacul-Sawyer complex, 1 to 8 percent slopes 
2541 Rosalie-Warnock complex, 1 to 8 percent slopes 
2542 Smithdale fine sandy loam, 15 to 30 percent slopes 
2543 Sacul-Sawyer complex, 8 to 15 percent slopes 
2544 Warnock-Smithdale complex, 1 to 7 percent slopes 
2545 Sacul fine sandy loam, 15 to 30 percent slopes 
2546 Amy silt loam, 0 to 1 percent slopes, rarely flooded 
2547 Oil-waste land-Fluvaquents complex, 0 to 1 percent slopes, frequently flooded 
2548 Amy-Gurdon complex, 0 to 3 percent slopes, rarely flooded 
2549 Gurdon silt loam, 0 to 3 percent slopes, rarely flooded 
2550 Aquents, 0 to 1 percent slopes, rarely flooded 
2551 Una silty clay loam, 0 to 1 percent slopes, ponded 
2552 Lafe silt loam, 0 to 1 percent slopes 
2553 Spadra variant fine sandy loam, occasionally flooded 
2554 Henry silt loam, 0 to 1 percent slopes 
2555 Fluvaquents flooded 
2556 Bude silt loam, 0 to 2 percent slopes 
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